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Trawling Efficiency Device: A New Concept 
for Selective Shrimp Trawling Gear 


JOHN W. WATSON, JOHN F. MITCHELL, and ARVIND K. SHAH 


Introduction 


The incidental catch of finfish by the 
penaeid shrimp fishery in the southeast- 
ern United States is an increasing prob- 
lem in the management and use of 
fishery resources. The need for selec- 
tive shrimp trawling gear was first dis- 


The authors are with the Mississippi Laboratories, 

Southeast Fisheries Center, National Marine Fish- 
eries Service, NOAA, Pascagoula, MS 39568- 

1207. Arvind K. Shah is also associate professor 
of — at the University of South Alabama, 
Mobile. 





ABSTRACT—The Trawling Efficiency 
Device (TED) is inserted between the body 
and cod end of a shrimp trawl. A steel grid 
and trap door ejects unwanted shrimp by- 
catch such as turtles, sharks, rays, jellyfish, 
crabs, sponge, etc. The TED also can be 
used to reduce finfish bycatch by employing 
a finfish deflector grid, leading panels, and 
exit openings. The device eliminates finfish 
by taking advantage of the difference in 
swimming ability and behavior between fin- 
fish and shrimp. Shrimp are carried into the 
cod end by accelerating water flow through 
the device with a webbing funnel. Finfish are 
stimulated into an escape reaction by a fin- 
fish deflector grid and are guided to exit 
openings by leading panels. Finfish separa- 
tion rates averaging 78 percent and 53 per- 
cent were achieved during day trawling and 
night trawling, respectively, with no signifi- 
cant difference in shrimp catch rates. Fin- 
fish separation rates varied by species and 
total separation varied as a function of catch 
composition. The TED is being introduced 
into the shrimp fishery in the southeastern 
United States to reduce incidental turtle cap- 
tures, conserve finfish resources discarded 
by the shrimp fleet, and increase trawling 
efficiency. 
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cussed by Seidel (1975). Juhl et al.! 
reported incidental finfish catch rates of 
3-20 pounds of fish for each pound of 
shrimp caught. Other investigations 
have reported average fish-to-shrimp 
weight ratios ranging between 3:1 and 
6:1 (Blomo and Nichols, 1974; Bryan, 
1980; Chittenden and McEachran, 
1976). Pellegrin et al.? recently esti- 
mated fish bycatch for the northern Gulf 
of Mexico penaeid shrimp fleet at over 
510,000 metric tons annually, based on 
data collected by onboard observers and 
computed by geographical areas, sea- 
sons, and depths. The studies showed a 
high mortality of finfish associated with 
the penaeid fishery. 

A separator trawl that could reduce 
finfish bycatch mortality would benefit 
both the bottomfish fishery (by pro- 
viding greater resource abundance) and 
the shrimp fishery (by reducing trawl 
drag and fuel consumption). An effec- 
tive separator trawl also would signifi- 
cantly reduce labor needed for sorting 
shrimp from the finfish and improve 
shrimp quality by reducing damage to 
shrimp in the trawl. 

Selective shrimp trawls have been 
used with varying success in several 
shrimp fisheries around the world. The 
first separator trawls were developed in 
France and the Netherlands in 1964. 


Juhl, R., S. B. Drummond, E. J. Gutherz, C. M. 
Roithmayr, J. A. Beningo, and J. A. Butler, 1976. 
Oceanic resource surveys and assessment task 
status report. NMFS Mississippi Laboratories. 
PO. Drawer 1207, Pascagoula, MS 39568- DOr 
Unpubl. rep., 50 p. 

2Pellegrin, G., Jr., S. B. Drummond, and R. S. 
Ford, Jr. 1985. The incidental catch of fish by the 
Northern Gulf of Mexico shrimp fleet. NMFS 
Mississippi Laboratories, P.O. Drawer 1207, Pas- 
cagoula, MS 39568-1207. Unpubl. rep. 


Selective trawls also were used in Bel- 
gium, Norway, Iceland, and in the 
northwestern United States on crangonid 
and pandalid shrimp in the 1960’s. A 
summary of this work was presented at 
an FAO (Food and Agriculture Organi- 
zation of the United Nations) sponsored 
conference in 1973 (Anonymous, 1973). 
Efforts to develop selective shrimp 
trawls have continued in Canada (Way 
and Hickey, 1978), Norway (Karlsen, 
1976; and Isaksen*), and Great Britain 
(Main and Sangster, 1982). These sep- 
arator designs all use panels of webbing 
placed in the mouth, throai, or along the 
wings of the trawl to lead fish toward 
escape openings, allowing shrimp to 
pass through relatively large panel 
meshes into the cod ends. Other designs 
divide the trawl into upper and lower 
halves or use a “trawl within a trawl” 
design concept (Anonymous, 1973). 
Mechanical separation of fish and 
shrimp with webbing panels has been 
successful in fisheries where the differ- 
ence between sizes of shrimp and fish 
is significant. Panel-type separator 
trawls of various designs tested in the 
Gulf of Mexico, however, have not been 
very successful (Watson and McVea, 
1977). The principal difficulty was the 
diversity of sizes and types of fish 
associated with the shrimp fishery, re- 
sulting in panels becoming clogged with 
fish, and affecting separation and caus- 
ing unacceptable losses in shrimp 
production. Additionally, some panel- 
type separator trawls were too complex 


3Isaksen, B. 1982. Forsok med vertikalt-stilte 
sidesorteringsnett i reketral. Fiskeriteknologisk 

ingsinstitutt Arbeidsnotat (working note), 
Bergen, Norway, 16 p. 
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or too fragile for production fishing. 
Another drawback is the complexity of 
fitting panels to the many diverse trawl 
types used in the shrimp fisheries. 

In 1980, a unique separator trawl 
design was introduced by the National 
Marine Fisheries Service (NMFS). The 
separator, initially called the Turtle Ex- 
cluder Device (TED), was developed in 
response to a critical conservation prob- 
lem involving the incidental capture and 
mortality of endangered sea turtles. The 
TED was designed to allow turtles to 
escape from shrimp trawling gear 
through a trapdoor positioned in the 
throat of the trawl (Watson and Seidel, 
1980). During development of the TED, 
scuba-diver observations of fish and 
shrimp in the experimental devices in- 
dicated a marked behavioral difference 
in fish and shrimp responses that could 
allow effective separation. Design 
modifications proved effective at elim- 
inating finfish, jellyfish, sharks, rays, 
sponge, and other bycatch (Watson*-). 
Because of operational benefits, the 
name of the device was changed to 
“trawling efficiency device (TED)”. It 


is presently being introduced through a 
technology transfer program into the 
shrimp fishery of the southeastern 
United States. 


Materials and Methods 


The TED consists of a 36 x 42 x 
30-inch frame constructed of %-inch 
galvanized pipe, or %-inch fiberglass 
rod (Fig. 1). Inside the frame are deflec- 
tors bars angled at about 45° and spaced 
3-6 inches apart with a 30- x 30-inch 
door at the top of the deflector bars. Ob- 
jects that cannot pass through the deflec- 
tor bars are forced through the door. 
The door opens on hinges, allowing ob- 
jects to pass out of the trawl, and then 
closes as the object is released. Smaller 
objects (fish, shrimp, etc.) pass through 
a webbing funnel, which accelerates the 
water flow and carries them through the 


‘Watson, J. W. 1983. FY1982 sea turtle excluder 
trawl project report. NMFS Mississippi Labor- 
atories, PO. Drawer 1207, Pascagoula, MS 39568- 
1207. Unpubl. ne 22 p. 

SWatson J. W. 1983. Cruise report, FRS OREGON 
II Cruise 137. NMFS Mississippi Laboratories, 
P.O. Drawer 1207, Pascagoula, MS 39568-1207. 
Unpubl. rep., 16 p. 
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angled bars and into the cod end of the 
trawl. Deflector bar spacing can be ad- 
justed between 3 and 6 inches to exclude 
bycatch, such as cannonball jellyfish, 
horseshoe crabs, and sponges. Finfish 
separation is accomplished by employ- 
ing a smaller finfish deflector grid and 
openings with leading panels to guide 
fish out of the trawl. The TED is in- 
stalled between the trawl body and the 
beginning of the cod end in the exten- 
sion of the trawl. A detailed description 
of the TED and installation instructions 
are presented by Taylor et al. (1985). 

Three TED designs were evaluated 
during this study: A collapsible TED 
constructed from %-inch steel pipe, a 
collapsible TED constructed from %- 
inch fiberglass rod, and a rigid-frame 
TED constructed from %-inch fiberglass 
rod. Collapsible TED designs are 
hinged between the front and rear 
frames and the slanted bars, enabling 
the device to fold to a flat position when 
not in use (Fig. 2). When fishing, ten- 
sion in the trawl opens the TED to its 
working configuration (Fig. 3). Advan- 
tages of the collapsible design are the 
light weight and easier handling and 
storage. All three designs are equipped 
with finfish separator modifications, in- 
cluding finfish exits and a finfish deflec- 
tor grid constructed of %-inch fiberglass 
tubing and \,,-inch stainless steel strand 
cable. 

The TED designs were evaluated in 
65-foot flat trawls spread by 9-foot x 
40-inch otter doors (Watson et al., 
1984). Comparative 1- and 2-hour tows 
were conducted from a double-rigged 
68-foot chartered commercial shrimp 
vessel. A trawl with TED installed was 
towed simultaneously with an identical- 
ly rigged flat trawl without a TED. The 
trawls were calibrated and tuned after 
Watson and Seidel (1985). Catches from 
each trawl were weighed and bycatch 
samples taken. Data were collected on 
shrimp catch rates, finfish catch rates, 
and total catch rates. Samples were 
sorted and identified to species and 
mean weights determined. The gear was 
evaluated at night on shrimping grounds 
off Alabama and Mississippi between 
lat. 30°06’, long. 88°18’ and lat. 30°08’, 
long. 89°01’ (14 August - 25 Septem- 
ber 1984). Additional data were ob- 


tained from a commercial shrimp 
trawler operating off Louisiana in May 
1985. 


Results 


Data from nighttime tows for TED- 
equipped and standard trawls are pre- 
sented in Tables 1-6. The TED was 
tested at night because previous data 
have shown that the TED was effective 
only during the daytime at separating 
finfish (Watson*). Shown in Tables 1, 
3, and 5 are mean catch rates for stand- 
ard trawls and the trawls equipped with 
the device. All data were normalized to 
I-hour tows. Data on finfish catch com- 
position and reduction rates for each 
TED design tested are presented in 
Tables 2, 4, and 6. Species representing 
less than 1 percent of the catch were not 
included. The catch reduction rate for 
each species was estimated based on 
measured differences between standard 
and TED-equipped trawls. 

A multivariate paired t-test was per- 
formed to test the hypothesis of equal 
catch rates for shrimp, finfish, and total 
catch simultaneously for standard and 
TED-equipped trawls. The null hypoth- 
esis was: 


(ushrimp, pfinfish, ptotal) Std. 
= (ushrimp, pfinfish, ptotal) TED. 


Data collected for comparisons of 
standard and collapsible steel TED- 
equipped trawls provided strong evi- 
dence to refute null hypothesis of equal- 
ity in the two mean vectors (F = 8.53165 
with 3 and 13 d.f.). The P value 
(chances of observing what we have ob- 
served in the sample or even more ex- 
treme if the above null hypothesis is 
true) was only 0.0027. In other words, 
the chance of yielding F = 8.53165 or 
larger under the above null hypothesis 
was only 0.0027. 

However, rejection of the null hypoth- 
esis does not indicate which of the three 
variable differences have caused rejec- 
tion of that hypothesis. The use of 
several univariate t-tests for this purpose 
is not appropriate as they will produce 
an attained level (i.e., the experimental 
error rate which is the chance of declar- 
ing at least one significant difference 





Figure 2.—Collapsible TED’s in the folded configuration. 


Table 1.—Comparative catch results (pounds per Table 2.—Finfish catch reduction rates and catch composition by weight for com- 
hour) between a standard rigged 65-foot flat traw! parative tows b a dard 65-foot fiat trawl and a 65-foot flat traw! equipped 
and a 65-foot flat trawl! equipped with a collapsible with a collapsible steel TED. 

steel TED. 











Catch Reduction 
Catch (pounds/hour) Species composition (%) rate (%) 








Trawl No. Shrimp Finfish Total Atlantic croaker, Micropogon undulatus 54 56 
Spot, Leiostomus xanthurus 10 72 
Standard 16 7.9 377 469 Atlantic threadfin, Polydactylus octonemus 49 
TED 16 7a 185 263 Seatrout, Cynoscion sp. 40 
Atlantic cutlassfish, Trichiurus lepturus 70 

Percent Gulf butterfish, Peprilus burti 56 
difference 2 51 144 Atlantic bumper, Chioroscombrus chrysurus 67 


‘Significant difference at 95 percent level. 











when in fact none exist) much higher _ was used here to test for shrimp, finfish, Collapsible Steel TED 

than the chosen or prespecified level. and total catch differences between the 

The approach discussed by Morrison standard and TED-equipped trawls The mean shrimp catch rate for the 
(1976) to control experimental error rate individually. collapsible steel TED was 7.7 pounds/ 
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Figure 3.—Collapsible TED’s in the working configuration. 


Table 3. 
with a solid fiberglass TED. 


catch results between a standard 
rigged 65-foot flat trawl and a 65-foot flat traw! equipped 


parative 
with a solid fiberglass TED. 





Table 4.—Finfish catch reduction rates and catch composition by weight for com- 
tows between a standard 65-foot flat traw! and a 65 foot-fiat trawl equipped 





Catch (pounds/hour) 





Trawl No. Shrimp 


Finfish 


Species 


Catch 
composition (%) 


Reduction 
rate (%) 








Standard 4 6.79 422 
TED 14 6.43 198 


Percent 
difference 5 1§3 


Spot, Leiostomus xanthurus 

Gulf butterfish, Peprilus burti 
Hardhead catfish, Arius felis 
Seatrout, Cynoscion sp. 


Atlantic croaker, Micropogon undulatus 


58 
72 
80 
88 
11 


Atlantic threadfin, Polydactylus octonemus 12 





‘Denotes a significant different at 95 percent level. 


hour and 7.9 pounds/hour for the stand- 
ard trawl. There was no statistical evi- 
dence to indicate differences between 
average catch rates for the two trawls (F 
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= 0.2335 with 3 and 13 d.f., P = 
0.8714). 

The mean finfish catch rate for the 
collapsible steel TED was 185 pounds/ 


hour and 377 pounds/hour for the stand- 
ard trawl. These differences were highly 
significant (F = 6.3935 with 3 and 13 
d.f., P = 0.0068). The total catch rates 





were 263 pounds/hour for the collaps- 
ible steel TED and 469 pounds/hour for 
the standard trawl. Again, the difference 
in the average total catch was highly 
significant (F = 7.7525 with 3 and 13 
d.f., P = 0.0032). The collapsible steel 
TED had a 51 percent reduction in fin- 
fish catch and a 44 percent reduction in 
total catch (Table 1). 

The predominant finfish species in the 
standard catch were Atlantic croaker (54 
percent) and spot (10 percent) (Table 2). 
The Atlantic threadfin and seatrout each 
comprised 3 percent of the catch. Atlan- 
tic cutlassfish represented 2 percent of 
the finfish catch. Gulf butterfish and 
Atlantic bumper each represented 1 per- 
cent of the catch. Finfish separation 
rates varied between 40 percent and 72 
percent for the individual species. The 
best separation rates were for spot (72 
percent), Atlantic cutlassfish (70 per- 
cent), and Atlantic bumper (67 percent). 
There was a 56 percent reduction for 
Atlantic croaker and butterfish. 


Solid Fiberglass TED 


A multivariate paired t-test was per- 
formed to test the hypothesis of equal 
catch rates for shrimp, finfish, and total 
catch simultaneously for the standard 
trawl and the trawl with a solid fiber- 
glass TED. This multivariate hypothesis 
was rejected (F = 18.171 with 3 and 11 
d.f., P = 0.0001). 

Individual tests for each variable were 
also performed. Mean shrimp catch 
rates for the solid fiberglass TED and 
standard trawl were 6.43 pounds/hour 
and 6.79 pounds/hour, respectively. The 
difference was judged nonsignificant (F 
= 0.7106 with 3 and ll d.f., P = 
0.5657). The mean finfish catch rate 


Table 5.—Comparative catch results between a 
65-foot flat trawl with 9-foot x 40-inch doors and 
an indentical traw! rigged with a collapsible fiber- 


glass TED. 


was 422 pounds/hour for the standard 
trawl and 198 pounds/hour for the solid 
fiberglass TED. This difference was 
judged highly significant (F = 9.3430 
with 3 and 11 d.f., P = 0.0023). The 
mean total catch was 479 pounds/hour 
for the standard trawl and 259 pounds/ 
hour for the solid fiberglass TED. The 
difference in these catch rates also was 
judged to be highly significant (F = 
8.8515 with 3 and Il d.f., P = 0.0029). 
The trawl equipped with the solid fiber- 
glass TED showed a 53 percent reduc- 
tion in finfish catch and 46 percent 
reduction in total catch when compared 
with the standard trawl (Table 3). 

The species composition of the fin- 
fish catch in the standard trawl is shown 
in Table 4. The predominant species was 
Atlantic croaker, which made up 63 per- 
cent of the catch. Five other species 
(spot, gulf butterfish, hardhead catfish, 
seatrout, and Atlantic threadfin) repre- 
sented 1-5 percent of the finfish catch. 
Calculated finfish reduction rates for the 
solid fiberglass TED were 58 percent 
for Atlantic croaker, 72 percent for spot, 
80 percent for gulf butterfish, 88 per- 
cent for hardhead catfish, 11 percent for 
seatrout, and 12 percent for Atlantic 
threadfin. 


Collapsible Fiberglass TED 


A multivariate paired t-test was per- 
formed to test the hypothesis of equal 
catch rates for shrimp, finfish, and total 
catch simultaneously for the standard 


trawl and a trawl equipped with a col- 
lapsible fiberglass TED. This multi- 
variate hypothesis was rejected with 
strong evidence (F = 5.9612 with 3 and 
17 d.f., P = 0.0057). 

Individual tests for each variable also 
were performed. The mean shrimp 
catch rate was 11.4 pounds/hour for the 
standard trawl and 11.7 pounds/hour for 
the trawl with the collapsible fiberglass 
TED. The difference in mean shrimp 
catches was not judged significant (F = 
0.1589 with 3 and 17 d.f., P = 0.9225). 
Mean finfish catch rates were 254 
pounds/hour for the standard trawl and 
122 pounds/hour for the trawl with the 
collapsible fiberglass TED. The differ- 
ence in mean finfish catch was judged 
significant (F = 3.6211 with 3 and 17 
d.f., P = 0.0346). The mean total catch 
was 297 pounds/hour for the standard 
trawl and 159 pounds/hour for the trawl 
with the collapsible fiberglass TED. The 
difference in these catch rates was 
judged significant (F = 3.5423 with 3 
and 17 d.f., P = 0.0370). The collaps- 
ible fiberglass TED had a 52 percent 
reduction in finfish catch and a 46 per- 
cent reduction in total catch compared 
with the standard trawl (Table 5). 

Evaluation of the collapsible fiber- 
glass TED was conducted in two dif- 
ferent geographical areas and the finfish 
catch composition varied between them 
(Table 6). In Area 1 the predominant 
finfish species were gulf butterfish (19 
percent), gulf menhaden (19 percent), 


Table 6.—Finfish catch reduction rates and catch composition by weight for com- 
parative tows between a standard 65-foot flat trawl and a 65-foot flat trawl equipped 


with a collapsible fiberglass TED. 





Species 


Catch 
composition (%) 


Reduction 
rate (%) 





Area 1 
Gulf butterfish, Peprilus burti 
Gulf menhaden, Brevoortia patronus 
Spot, Leiostomus xanthurus 


Seatrout, 





Catch (pounds/hour) 


Cynoscion sp. 
Hardhead catfish, Arius felis 





Trawi Shrimp Finfish 


Total Area 2 





Standard 
TED 


11.4 
11.7 


254 
122 


Percent 
difference -3 1§2 


297 


159 Spot, Leiostomus xanthurus 


Atlantic croaker, Micropogon undulatus 
Spanish mackerel, Scomberomorus maculatus 


Atlantic croaker, Micropogon undulatus 
Atlantic cutlassfish, Trichiurus lepturus 


Atlantic bumper, Chioroscombrus chrysurus 


Scaled sardine, Harengula jaguana 
146 Seatrout, Cynoscion sp. 
Hardhead catfish, Arius felis 





‘Denotes a significant difference at the 95 percent level. 





Marine Fisheries Review 





spot (14 percent), and Atlantic croaker 
(12 percent). Other species representing 
>I percent of the catch included Span- 
ish mackerel (9 percent), seatrout (7 
percent), and hardhead catfish (7 per- 
cent). Finfish reduction rates calculated 
for the collapsible fiberglass TED for 
Area | ranged from 25 to 100 percent 
for individual species. The reduction 
rates were 100 percent for Spanish 
mackerel, 60-70 percent for gulf men- 
haden, spot, Atlantic croaker, and hard- 
head catfish, 73 percent for seatrout, 
and 25 percent for gulf butterfish. 

The catch composition in Area 2 was 
predominantly Atlantic croaker (54 per- 
cent). Atlantic cutlassfish made up 10 
percent of the catch, followed by spot 
and Atlantic bumper (8 percent) and 
scaled sardine (6 percent). Seatrout and 
hardhead catfish, each made up 4 per- 
cent of the catch. Finfish reduction rates 
in Area 2 were 100 percent for Atlantic 
bumper, scaled sardine, and seatrout, 75 
percent for spot, 62 percent for Atlan- 
tic croaker, 56 percent for Atlantic 
cutlassfish, and 49 percent for hardhead 
catfish. 


Commerciai Shrimp Trawls 


The commercial shrimp vessel Miss 
Santrina, fishing out of Lafitte, La., col- 
lected data on the effectiveness of the 
TED during commercial operations in 
May 1985. The Miss Santrina was 
rigged with four trawls (twin rigs). Two 
trawls were equipped with TED’s on 


Table 7.—Comparative catch results between TED- 
rigged twin trawis and standard twin trawis from the 
commercial shrimp vessel Miss Santrina. 





Catch (Ib/h) 


Trawl Shrimp Bycatch 





Daytime 
Standard 19.22 1,828 
TED 19.00 831 
Percent difference 1 155 


1,385 
954 
1 31 


16.36 1,655 
16.19 879 
1 “47 





‘Denotes a significant difference at the 95 percent level. 
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one side of the vessel and two identical 
trawls without TED’s were used on the 
other side. Data collected by the cap- 
tain of the Miss Santrina included total 
shrimp catch and total bycatch. The 
catches were kept separate, shrimp were 
sorted and weighed, and total bycatch 
was estimated by filling shrimp baskets 
and counting the number of baskets for 
each side. The number of baskets was 
then multiplied by the average weight 
of a full basket. The Miss Santrina 
shrimped both day and night, and the 
data were analyzed separately and in 
combination for daytime and nighttime 
periods. 

Three multivariate paired t-tests were 
performed on the commercial vessel 
data (day, night, combined) to test the 
hypothesis of equal catch rates for 
shrimp and bycatch simultaneously for 
both trawls (standard trawls and trawls 
with collapsible steel TED’s). This 
multivariate hypothesis was rejected 
with strong evidence (F = 14.0463 with 
2 and 34 d.f., P = 0,0000 for the day- 
time data; F = 5.49479 with 2 and 21 
d.f., P = 0.0120 for the nighttime data; 
and F = 17.8719 with 2 and 57 d.f., P 
= 0,0000 for the combined data). 

Individual tests for each variable were 
also performed on each of the three data 
sets (daytime, nighttime, combined). 
Average catch rates for the trawls and 
catch reduction rates due to the TED are 
presented in Table 7 for each data set. 
Shrimp catch differences were not sig- 
nificant (F = 0.2619 with 2 and 34 d.f., 
P = 0.7711 for the day data; F = 0.0398 
with 2 and 21 d.f., P = 0.9610 for the 
nighttime data; and F = 0.3013 with 2 
and 57 d.f., P = 0.7410 for the com- 
bined data), while bycatch rates were 
significant (F = 14.0019 with 2 and 34 
d.f., P = 0.0000 for the daytime data; 
F = 4.5697 with 2 and 21 d.f., P = 
0.0225 for the nighttime data; and F = 
17.5585 with 2 and 57 d.f., P = 0.0000 
for the combined data). 


Discussion 
The trawling efficiency device repre- 
sents a new concept in selective fishing 
gear. Historically, separator trawl 
designs have relied on webbing panels 
to sort bycatch by species or size from 
the rest of the catch. Separator trawls 


using webbing panels have been effec- 
tive under some conditions, but have 
limitations and have not been successful 
in the penaeid shrimp fisheries. The 
TED which evolved from the turtle ex- 
cluder device uses a different mechan- 
ism to separate finfish and other bycatch 
from the shrimp catch. It uses a rigid 
frame placed in the zone of the trawl 
where the wings and body taper into the 
cod end. Finfish gilling is common in 
this section of a standard shrimp trawl, 
indicating that finfish escape reactions 
occur in this zone. 

The TED utilizes differences in the 
behavioral reaction of finfish and 
shrimp and the better swimming abil- 
ity of the fish to separate and exclude 
fish from the catch. A funnel of web- 
bing in the TED accelerates water flow 
entering the cod end of the trawl. Water 
entering the cod end is accelerated by 
the funnel carrying shrimp, which are 
weak swimmers, past the deflector grid 
into the cod end (Watson*). Finfish ac- 
tively swimming in the trawl also pass 
through the funnel in the accelerated 
water flow, but are stimulated by the 
closeness of the webbing to escape the 
trawl. 

As the fish pass through the funnel, 
they either strike a finfish deflector or 
enter an area of less water flow to the 
side of the main flow exiting the funnel 
(Fig. 4). There, fish are guided by web- 
bing panels and can exit the trawl 
through the side exits. Shrimp do not 
have the swimming ability or behavior 
necessary to reach the exit openings and 
are carried on into the cod end. Larger 
objects or organisms that cannot pass 
through the 3- to 6-inch openings of the 
main deflector grid are ejected through 
the hinged door at the top of the TED. 

The potential of the TED as a finfish 
separator was discovered by scuba 
divers observing turtles passing through 
the TED during tests of the device. They 
noticed that fish had a tendency to turn 
and swim out of the accelerated flow and 
then swim forward inside the TED in 
the zone of relatively slack water around 
the funnel. Other fish carried further in- 
to the cod end tended to swim forward 
along the bottom and sides of the cod 
end until they reached the wall of web- 
bing at the front frame of the TED. The 





finfish escape openings were designed 
to take advantage of the reaction of the 
fish within the trawl to allow them to 
escape without loss in shrimp produc- 
tion. 

The TED introduced in 1980 was 
used by shrimp fishermen in some areas 
because it was effective in reducing the 
incidental catch of cannonball jeliyfish, 
Stemolophus sp.; sponges, and horse- 
shoe crabs, Limulus sp., which at times 
causes serious problems for shrimp 
fishermen. 

In 1982, the finfish separator modifi- 
cations were introduced with limited 
success. Finfish separation rates up to 
53 percent were achieved during the day 
compared with standard trawling gear, 
but only 10 percent reduction was 
achieved during nighttime trawling. Fish 
appeared to show different nocturnal 
and diurnal behavior and we tested 
several design modifications to achieve 
better nocturnal finfish separation. 
These included lights, luminescent 
materials, and various types of deflec- 
tors. The most successful of the modifi- 
cations was a small deflector grid placed 
behind the main deflector frame. The 
finfish deflector grid was introduced in 
1983 and resulted in improved finfish 
separation rates averaging 78 percent 
during the day and 48 percent at night 
(Watson®). The finfish deflector grid 
acts as a mechanical stimulus and gen- 
erates sound vibrations. 

The data presented in this paper 
represent the best separation rates 
achieved during the night. Chemical 
light sticks were tested to illuminate fin- 
fish deflectors and the side openings. 
Preliminary results indicated that finfish 
separation was improved but the data 
were limited and not statistically signifi- 
cant. Other modifications that may lead 
to further improvements in separation 
include placement and spacing of the ac- 
celerator funnel, finfish opening, and 
the finfish deflector grid, and the spac- 
ing and tension in the wires of the 
deflector grid. 

Effectiveness of the TED in separ- 
ating finfish varies with individual 
species and appears to be related to the 
swimming ability of the individual 
species and their behavior patterns. 
Total separation rates thus vary with the 
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Figure 4.—TED finfish separation technique. 


species composition of the catch and 
may also be related to the size of the in- 
dividual species as it relates to their 
swimming ability. 

The separation concept used in the 
TED has been tried in Norway by 
Fiskeriteknologisk Forskningsinstitatt 
(FTFI) in a separator design called the 
“Radial Escape Section” (RES) to sep- 
arate haddock and cod from shrimp 
trawls (West et al., 1984). Preliminary 


results indicate that 61 percent of had- 
dock <39 cm long and 30 percent of cod 
<42 cm long escaped from shrimp 
trawls equipped with the RES. The 
FTFI design does not use a rigid frame 
because trawls are handled using net 
reels. The RES was constructed using 
two webbing funnels and large mesh 
webbing around the funnels to allow fish 
escapement. 

The rigid frame structure of the TED 
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has several operational advantages over 
the webbing type structures of the RES, 
although it is more cumbersome to 
handle. The rigid frame physically holds 
the webbing in the desired shape, keep- 
ing the funnel and finfish exits open. 
Flexible designs of webbing or rope are 
more difficult to design and maintain 
properly, and may not produce consis- 
tent operational results because the 
structure will change shape when forces 
are exerted on the flexible structure by 
changing configurations of the trawl 
under various trawling conditions. 
FTFI, however, has shcwn that a flex- 
ible design does have potential and more 
research may achieve better and more 
efficient separation. 

The TED is presently being intro- 
duced into the shrimp industry in the 
southeastern United States through a 
technology transfer effort. The original 
rigid-frame TED weighed 97 pounds 
and required considerable deck space 
for storage. Shrimp fishermen objected 
to this during initial efforts to introduce 
the gear. In 1984, the collapsible frame 
was introduced, which solved handling 
and storage problems. 

The collapsible TED weighs 
pounds and folds flat for storage. It is 
just as effective as the original TED 
design. Since the introduction of the col- 
lapsible design and the improvement of 
night finfish separation rates, the use of 


TED by the shrimp industry has in- 
creased. TED offers long-term potential 
as a tool for the conservation of finfish 
resources and improved efficiency of the 
shrimping fleet. 
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The 1985 Subsistence Harvest of Northern Fur 
Seals, Callorhinus ursinus, on St. Paul Island, Alaska 


STEVEN T. ZIMMERMAN and JAMES D. LETCHER 


Introduction 


Northern fur seal, Callorhinus ur- 
sinus, meat has been the dietary staple 
of Aleuts living on the Pribilof Islands, 
Alaska, since their ancestors were first 
taken there by Russian explorers in 1786. 
This tradition continues unchanged; on 
both St. Paul Island and St. George 
Island, fur seals remain the most heavily 
used animal resource (Veltre and Veltre, 
1981). 

Aleut dietary requirements for fur 
seal meat have traditionally been met 
from animals taken in the annual com- 
mercial harvest for skins. This harvest 
(which ranged between 22,000 and 
25,000 animals during 1980-84) has 
always exceeded subsistence! require- 
ments. Hence, little has been known of 
the specific number of seals or the 
amount of seal meat needed to meet 
dietary requirements. 


'Subsistence,” as used in this report, means the 
customary and traditional uses of fur seals taken 
by Pribilovians for direct personal or family con- 
sumption or for sharing as food. 


Estimates of the number of seals 
needed for human consumption for both 
islands (total native population is 636) 
have ranged from 3,358 to 15,264 
(USDC, 1985; Veltre and Veltre, 1981). 
Using household surveys, the Tanad- 
gusix Corporation? estimated in 1981 
that roughly 2,000 seals or 32,000 kg 
(70,000 pounds) of seal meat would be 
needed to meet local food requirements 
on St. Paul Island (Veltre and Veltre, 
1981). 

In 1984 the Interim Convention on 
Conservation of North Pacific Fur Seals 
expired. This Convention was the inter- 
national agreement under which fur 
seals had been commercially harvested 
since 1957. Because the United States 
Senate did not ratify the Protocol which 
would have extended the Convention, a 
commercial harvest for seal skins could 
not be conducted in 1985. Without 
authority to hold a commercial harvest, 


2A private corporation on St. Paul Island. Men- 
tion of trade names or commercial firms does not 
imply endorsement by the National Marine Fish- 
eries Service, NOAA. 





ABSTRACT—Meat from northern fur 
seals, Callorhinus ursinus, is a major food 
source for Aleuts living on the Pribilof 
Islands, Alaska. Since 1916, Aleut require- 
ments for seal meat have been met from 
animals killed in the commercial harvest of 
seals for skins. In 1985, the commercial 
harvest was not held and a subsistence-only 
harvest of seals was authorized to meet Aleut 
dietary needs. From the 3,384 seals killed 
on St. Paul Island during this harvest, 42,381 
kg (93,435 pounds) of meat were butchered 
for human consumption. After meat losses 
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due to spoilage or transportation to other 
villages were subtracted from this total, a 
theoretical mean consumption of 0.2 kg of 
seal meat per person per day for 1 year was 
possible for residents of St. Paul Island. This 
rate of consumption would be less than in 
previous years (1912-16) when subsistence- 
only harvests were held on the Pribilof 
Islands. It would also be less than the theor- 
etical mean rates of consumption in other 
northern villages which are dependent on 
meat from subsistence harvests of marine 
mammals. 


the National Marine Fisheries Service 
(NMFS) attempted to ensure that the 
dietary requirements of natives would be 
met, and the fur seal population would 
be protected, by providing interim reg- 
ulations (USDC, 1985) under which a 
purely subsistence harvest of fur seals 
could be held on St. Paul Island. The 
resulting harvest was the first subsis- 
tence-only harvest held on St. Paul 
Island since 1916 (Engel et al.%). 

This paper summarizes observations 
made during the 15-day subsistence 
harvest held on St. Paul Island from 8 
July through 6 August 1985. It also 
details the number of seals harvested, 
the weight of seal meat taken for food, 
and the average percentage of each seal 
carcass which was butchered for human 
consumption. 


Methods and Materials 


The interim regulations required that 
the harvest be closely monitored by 
NMFS representatives. In addition to 
making general observations on each 
day’s harvesting activities, the regula- 
tions required NMFS representatives to 


3Engel, R. M., R. H. Lander, A. Y. Roppel, P. 
Kozloff, J. R. Hartley, and M. C. Keyes. 1980. 
Population data, collection procedures, and 
management of the northern fur seal, Cailorhinus 
ursinus, of the Pribilof Islands, Alaska. National 
Marine Mammal Laboratory, Northwest and 
Alaska Fisheries Center, NMFS, NOAA, 7600 
Sand Point Way N.E., Seattle, WA 98115. NWAFC 
Processed Rep. 80-11, 235 p. 
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compile data on: 1) The number of seals 
killed each day, 2) the weight of seal 
meat taken daily for immediate or even- 
tual human consumption, and 3) the 
average proportion of each seal used. 

During the first 3 days of harvest, all 
seal meat taken for human consumption 
was weighed. After day 3, only repre- 
sentative samples were weighed to esti- 
mate daily totals because data from the 
first 3 days had shown little variance. 
Beginning on day 4, the following pro- 
cedure was followed each day for the 
rest of the harvest: 


1) The weight of all meat taken for 
human consumption was estimated from 
one block of 50 butchered animals; on 
all but the fifth day of the harvest (Table 
1) this represented a 25 percent sample 
of harvested seals. Scales calibrated in 
pounds were used to weigh each bag of 
butchered meat. These weights were 
later converted to kilograms. 

2) It was usually not possible to 
weigh carcasses before the pelts had 
been removed because skinning pro- 
ceeded quickly. Therefore, mean 
weights of pelts (with blubber still at- 
tached) and mean weights of their corre- 
sponding nonbutchered carcasses were 
calculated separately each day from a 10 
percent sample of harvested animals. 
When mean pelt and carcass weights 
were combined, an estimate of the mean 
weight of nonbutchered animals was ob- 
tained following lancing of the heart 
(which involved some loss of blood). 

3) The mean weight of a 10 percent 
sample of butchered parts which were 
not used for human consumption (hind 
quarters, heads and necks, viscera) also 
was determined from each day’s harvest. 


An estimate of the total amount of 
meat harvested each day was calculated 
from data derived from the first step. 
This total was divided by the number of 
animals killed each day to determine the 
average weight of meat per seal being 
taken daily for human consumption. 
This value (meat yield per seal) was then 
divided by the total carcass weight (step 
two) to estimate the average percent of 
each animal used. Data from step three 
provided information on the average 
weight of discarded parts—another mea- 
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sure of proportional use. Summing 
mean values for pelt weight, meat 
weight, and weight of discarded parts 
never equaled the total estimated weight 
of nonbutchered animals following 
lancing of the heart (step 2). The dif- 
ference is believed to result from fur- 
ther loss of blood and other body fluids 
during the butchering process. 


Results 
General Observations 


Subadult male seals were killed using 
the traditional method of stunning fol- 
lowed by lancing of the heart (Hansen, 
1982). About 200 animals were killed 
each day except for 23 July when 500 
animals were harvested. Animals were 
killed in blocks of 50 and then 
butchered. Although there was some 
variation, butchering was usually done 
after pelt removal and in the following 
manner. 

The front flippers were removed by 
bending and cutting along the wrist joint 
between the carpal bones and the distal 
zadius and ulna. The remainder of each 
anterior limb and its associated shoulder 
were then removed by cutting the mus- 
culature between the scapula and the 
anterio-dorsal surface of the rib cage. 
After removal of shoulders, the chest 
was cut away in one piece by slicing 
through the cartilaginous extensions of 
the ribs which support the sternum on 
each side of the body. All of these parts 
(flippers, shoulders, chests) were saved 
for human consumption. 

Removal of the chest exposed the 
viscera (digestive system, respiratory 
tract, heart, liver, kidneys) which were 
removed as a unit by lifting up on the 
posterior end of the organ mass and cut- 
ting forward through the mesentery 
tissue to the throat. Viscera were dis- 
carded except for the hearts and livers 
which were later removed. 

The skull and hind quarters were then 
chopped from the carcass with a 
machete-like knife and aiso discarded. 
The remaining rib cage and backbone 
was then split along the left or right 
vertebral-costal articulations and saved. 
During the last week of the harvest, 
large numbers of tongues (an estimated 
50 percent), and rear flippers (an esti- 


mated 10-20 percent) were also taken for 
human consumption. 

Meat which was not taken from the 
field for immediate personal consump- 
tion was placed in large plastic bags and 
transported to the seal skin processing 
plant located in the City of St. Paul. 
After arriving at the plant, the meat was 
removed from the bags and spread out 
on large sheets of plastic to cool. Dur- 
ing the cooling process, each piece was 
inspected and grass and other foreign 
matter were removed. For the first 5 
days of the harvest the meat was then 
either salted or placed in large wooden 
boxes (capacity of about 700 kg or 1500 
pounds) for freezing. During the last 10 
days of the harvest, individual pieces of 
butchered meat were chilled overnight 
and then packed into “wetlock”’ boxes, 
each weighing about 100 pounds. About 
500 such boxes were filled during the 
harvest; all were stored in the commun- 
ity freezer. 


Harvest Totals 


During the 15-day harvest on St. Paul 
Island, 3,384 subadult fur seals were 
taken (Table 1). All but five of the seals 
taken were males. Most (about 80 per- 
cent) of the harvested seals were 3-year- 
old animals. 

The total weight of meat taken for 
subsistence purposes was 42,381 kg 
(93,435 pounds) (Table 1). An unmea- 
sured percentage of this was taken each 
day for immediate personal consump- 
tion. The remainder was either sent to 
St. George Island (estimated 8,200 kg 
or 18,000 pounds); or other Aleut 
villages (estimated 2,000 kg or 4,000 
pounds); salted (estimated 3,900 kg or 
8,500 pounds); or frozen (estimated 
22,500 kg or 50,000 pounds). About 
4,760 kg (10,500 pounds) of the meat 
sent to St. George Island spoiled. An 
estimated 3,400 kg (7,500 pounds) of the 
meat on St. Paul Island also spoiled. In 
both cases spoilage was due to the pack- 
ing of meat into large boxes while it was 
still too warm. 

An average of 12.5 kg (27.5 pounds) 
of meat (with bone) were butchered 
from each seal (Table 1). This repre- 
sented an average use rate of 43.8 per- 
cent of the mean weight of harvested 
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Table 1.—Northern fur seal 1985 subsistence harvest data. 





Mean 
carcass 
of plus 
pelt wt. 
taken (kg) (kg) (kg) 


Number 


animals 
Area 


Total 
weight 
of meat 

taken 


Percent 
use of 
entire animal 
after lancing 
the heart 


Weight of 
meat per 
animal 
taken 





Northeast Point 


Tolostoi 
Zapadni, L. Zap. 
Zolotoi Sands 


Totals 


13.0 
12.4 
12.6 
12.9 
12.8 
11.9 
12.9 
12.5 
11.3 
13.0 
12.5 
13.1 
12.9 


2,594 


11.0 
12.9 


12.5 





Table 2.—Relative weights of tissue and organs of harvestable seals taken just prior to the 1985 subsistence harvest. 





Animal #1 
(103.5 cm) 


Animal #2 


Item (100.7 cm) 


Animal #3 Animal#4 Mean%of Range % of 
(114.2 cm) body wt. body wt. 





Weight of the entire 
animal (kg) 22.1 22.2 
Weight of pelt with 
biubber attached (kg) 4.62 3.7 
Weight of organs and 
tissues removed for food 
during 1984 harvest (kg) 

Front flippers + shoulders 


Weight of additional 
organs and tissues (kg) 
Gut 


ai 
Bone (entire skeleton) 


Age 


29.1 


5.3 





seals (which was 28.5 kg or 62.8 pounds 
per seal, not including blood loss dur- 
ing the heart lancing process). When the 
mean weights of pelts with blubber (6.1 
kg or 13.4 pounds), meat taken (12.5 kg 
or 27.5 pounds), and discarded parts (8.6 
kg or 18.9 pounds) were added (27.2 kg 
or 59.8 pounds), and then divided by the 
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mean overall weight of seals (28.5 kg or 
62.8 pounds), approximately 5 percent 
of the beginning weight was left unac- 
counted for. This is believed to repre- 
sent loss of blood and other body fluids 
during the butchering process (which 
occurs in addition to the blood loss 
following lancing of the heart). 


Discussion 

Throughout the 15-day harvest there 
was little daily variation in any of the 
parameters being measured. Calculated 
weights of animals before pelt removal 
(mean 28.5 kg; range 27.3-29.9 kg), the 
weight of meat taken for human con- 
sumption per seal (mean 12.5 kg; range 
11.0-13.1 kg), and the percentage of each 
carcass used (mean 43.8 percent; range 
37.9-47.1 percent) all remained quite 
stable (Table 1). 

Although almost all parts of the seal 
historically have been found of some use 
(Veltre and Veltre, 1981; Scheffer, 1948), 
certain parts of each carcass are more 
desired than others. The most popular 
items during the 1985 harvest were front 
flippers, followed by hearts and then 
livers. The popuiarity of these items was 
such that very few ever reached the pro- 
cessing plant for community salting or 
freezing. 

Observations (by the senior author) 
during the 1984 commercial harvest had 
indicated that front flippers, hearts, 
livers, and shoulders comprised most of 
what was taken from each carcass. In 
preparing for the 1985 subsistence har- 
vest, we dissected four harvestable siz- 
ed seals (which had died during other 
research activities 1 week prior to initia- 
tion of the harvest) and determined that 
the combined weights of the front flip- 
pers, hearts, livers, and shoulders 
amounted to about 30 percent of the 
weight of an animal following lancing 
of the heart (Table 2; also see Scheffer, 
1960). The difference between the 43.8 
percent use of carcasses in 1985 and the 
30 percent (estimated) use of carcasses 
during 1984 occurred because backs, 
ribs, and chests were taken in addition 
to flippers, hearts, livers, and shoulders 
in 1985. 

The average weight of meat taken for 
human consumption from each seal 
(12.5 kg or 27.5 pounds) equals or ex- 
ceeds estimates from previous harvests. 
During 1912-16, the last period during 
which purely subsistence harvests were 
held on the St. Paul Island, it was noted 
that a subadult male fur seal “dresses 
about 25 pounds” (11.3 kg) (Clark, 
1914). The relatively high yield of meat 
(27.5 pounds) from each animal killed 
during 1985 appeared to result from 
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diligent attempts by St. Paul residents 
to avoid any meat wastage during the 
butchering process. 

Of the 42,381 kg (93,435 pounds) of 
seal meat taken for human consumption, 
about 29,000 kg (64,000 pounds) re- 
mained available for human consump- 
tion on St. Paul Island after losses due 
to spoilage (about 3,400 kg or 7,500 
pounds) and meat flown to St. George 
Island (about 8,100 kg or 18,000 pounds) 
or to other Aleut Villages (about 2,000 
kg or 4,000 pounds) were subtracted 
from the total. This 29,000 kg (64,000 
pounds) value is relatively similar to the 
32,000 kg (70,000 pounds) which Veltre 
and Veltre (1981) report the Tanadgusix 
Corporation had estimated would be 
needed by the residents of St. Paul 
Island following a household survey in 
1981. A household survey conducted by 
the Tanadgusix Corporation just prior 
to the end of the 1985 harvest indicated 
that the perceived needs of St. Paul resi- 
dents were met by the amount of meat 
which had been taken (McCorkle’*). 

Assuming that the population of St. 
Paul Island is 551 (USDC, 1981), of 
which 483 are permanent native resi- 
dents (Dames and Moore>), the 1985 
harvest would allow a theoretical daily 
average consumption of approximately 
0.2 kg (0.4 pounds) of seal meat (with 
bone) per native inhabitant of St. Paul 
Island for 1 year. This is less than 
previous estimates of seal meat con- 
sumption for the Pribilof Islands. Elliot 
(1881) estimated an average consumption 
of 600 pounds of seal meat “by each 
person large and small during the year” 
(= 07 kg or 1.6 pounds per day). 
Osgood et al. (1915) reported that the 
amount of seal meat needed was “one 
pound of meat free of bone per day for 
each person.” G. A. Clark, former 
Secretary of the Bering Sea Fur Seal 
Commission, testified in 1914 that, “one 
pound of [seal] meat a day would be 
nothing but a taste for them (natives)”’ 
(Clark, 1914). 


4Vern McCorkle, City Manager, City of St. Paul, 
St. Paul Island, Alaska 99660. Personal commun. 
SDames and Moore. 1983. Economic strategies 
plan. St. Paul Island, Alaska. Report prepared for 
the City of St. Paul by J. R. Christopherson, D. 
C. Clarke, S. A. Johnston, and S. R. Braund, 97 p. 
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Although this anecdotal information 
lacks scientific verification, it is ap- 
parent that more seal meat per person 
was taken during the last period of sub- 
sistence-only harvests on St. Paul Island 
(1912-16) than was taken in 1985. Dur- 
ing the 1912-16 subsistence harvests, the 
smallest number of seals (1,764) was 
taken in 1914 (Bower and Aller, 1915), 
and the largest number (3,483) was 
taken in 1916 (Bower and Aller, 1917). 
During both years the native population 
on St. Paul Island was 192 (Bower and 
Aller, 1915; 1917). Assuming that seals 
taken during that period dressed to 25 
pounds (Clark, 1914), about 0.3 kg (0.6 
pounds) of meat (with bone) would have 
been available per person per day as a 
result of the 1914 harvest; about 0.6 kg 
(1.2 pounds) per person per day would 
have been available as a result of the 
1916 harvest. 

It is not surprising that Aleuts in 1985 
took less seal meat for human consump- 
tion than their ancestors did in 1912-16. 
Prior to the 1950’s, the native diet on 
the Pribilof Islands was partially con- 
trolled by Governmental agencies which 
provided goods and services to Aleuts 
in return for harvest labor. During 
months when seals were available, these 
agencies did not issue items such as 
canned meat, salt beef, ham, or salt 
salmon (Wentz, 1946), thereby forcing 
a dietary reliance on seal meat. All such 
enforced reliance on seal meat has since 
disappeared because the Government 
has phased out its management of the 
Pribilof Islands. With modernization 
and economic independence have come 
increased opportunities for Aleuts to 
choose a more varied diet (Veltre and 
Veltre, 1981). 

There is a wide range of meat con- 
sumption among cultures (FAO, 1983; 
OECD, 1983). A daily per capita con- 
sumption of 0.2 kg (0.4 pounds) of seal 
meat on St. Paul Island would approx- 
imately equal the level of meat con- 
sumption calculated for low-cost food 
plans in Alaska (0.2 kg or 0.4 pounds) 
(University of Alaska, 1984). It would 
be less than the average daily per capita 
consumption of meat in households in 
the western United States (0.3 kg, 0.6 
pounds) (USDA, 1983). The harvest of 
0.2 kg (0.4 pounds) per person on St. 


Paul Island in 1985 would be less than 
the amount harvested per person in 
other northern and western Alaskan 
communities which depend on sub- 
sistence lifestyles: The average resource 
harvest of fish, land mammals, marine 
mammals, and other similar species in 
17 Arctic villages during the 1980’s has 
been 0.8 kg (1.8 pounds) per person per 
day; in 17 Aleutian-Pacific coast villages 
it has been 0.5 kg (1.1 pounds) per per- 
son per day (Wolfe and Walker®). 

In those Alaska villages which depend 
primarily on marine mammals as the 
principle source of protein, recent 
harvest levels have substantially ex- 
ceeded the level of the 1985 seal harvest 
on St. Paul Island: In Kivalina, Alaska, 
where marine mammals comprised 64.4 
percent and 57.2 percent of the Eskimo 
subsistence harvest during 1982 and 
1983, respectively, the daily per capita 
harvest was about 0.9 kg (1.9 pounds) 
with bone (Burch, 1985); in Stebbins, 
Alaska, where marine mammals ac- 
counted for 32 percent of the Eskimo 
subsistence harvest, the daily per capita 
harvest during 1980-81 was 0.4 kg (0.9 
pounds) with bone (Wolfe, 1981); in the 
Soviet Union, the daily animal protein 
requirements for Eskimos subsisting on 
whale meat has been reported to be 0.53 
kg (1.2 pounds) without bone (Sapronov, 
1985)’. 

Based on these comparisons with 
other Alaskan villages, and with histor- 
ical levels of take in the Pribilof Islands, 


*Wolfe, R. J., and R. J. Walker. 1985. Subsistence 
economies in Alaska: Productivity, geography, and 
developmental impacts. Paper presented at the 
symposium Modern Hunting and Fishing Adap- 
tations in Northern North America. 84th Annual 
Meeting of the American Anthropological 
Association, Washington 7 December 1985. 


Avail. from Subsistence Division, Alaska Depart- 
ment of Fish and Game, P.O. Box 3-2000, Juneau, 
Alaska 99802. 21 p. + tables. 

7Comparisons between Aleut and Eskimo villages 
in Alaska are inexact because of cultural differ- 
ences. Eskimos use seal blubber for food; resi- 
dents of St. Paul Island do not. Eskimo residents 
of some villages kill large numbers of walrus for 
ivory and use only the flippers for human con- 
sumption. Data from Stebbins, Alaska (Wolfe, 
1981), are somewhat anomalous because of the 
large number of walrus taken in 1982-83, and the 
bowhead whale taken in 1983-84. The Burch 
(1985) data are reported in round weights; after 
discussions with Robert Wolfe, Director of Re- 
search, Susbistence Division, Alaska Department 
of Fish and Game, these were multiplied by 0.6 
to provide an estimate of average dressed weights. 
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it appears that the amount of seal meat 
taken on St. Paul Island in 1985 was less 
than the amount of meat harvested in 
other similar cultural or historical situa- 
tions. Additional subsistence resources 
(halibut, sea lions, reindeer, birds, and 
eggs; see Veltre and Veltre, 1981) and 
commercially available foods will like- 
ly be used to achieve more comparable 
levels of meat harvest and consumption. 


Conclusions 


During the 15-day subsistence seal 
harvest on St. Paul Island, 3,384 seals 
and 42,381 kg (93,435 pounds) of north- 
ern fur seal meat were taken for human 
consumption. The average propc ‘tional 
yield per animal (43.8 percent) and the 
amount of meat dressed out from each 
animal (12.5 kg or 27.5 pounds per seal) 
were high; however, the amount of meat 
harvested per person was less than in 
other northern and western Alaskan 
villages which depend on subsistence 
lifestyles. 
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Introduction 


The international tuna industry is in 
a state of flux. Since the early 1980’s 
(and particularly since 1983), many 
planned and forced adjustments have oc- 
curred. The causes included: 1) Industry 
rationalization programs in Japan (i.e., 
government-initiated measures to reduce 
and limit fishing effort to improve 
economic conditions in the tuna fishing 
industry), 2) declaration and formaliza- 
tion of 200-mile Exclusive Economic 
Zones (EEZ’s), 3) significant advances 
in regional fisheries cooperation in the 
Pacific islands region under the auspices 
of the Forum Fisheries Agency (FFA), 
4) increased fuel prices, 5) depressed 
tuna prices, and 6) high rates of interest 
and expanded Asian canning capacities 
where per unit production costs (in both 
monetary and real terms) are markedly 
lower than in the traditional processing 
areas of the United States and Europe’. 

During the same period, activity and 


‘Conventional tuna processing is a labor-intensive 
activity and for this reason wage costs are an im- 
portant component of canned tuna production 
costs. In 1984 wage rates were US$7-8/hour in 
California, US$3/hour in American Samoa and 
Puerto Rico, and U.S.$0.37/hour in Thailand 
(Anonymous, 1985). 


The Tuna Industry in 
the Pacific Islands Region: 
Opportunities for Foreign Investment 


DAVID J. DOULMAN 


interest in the tuna fishery in the Pacific 
islands region has heightened. More 
Asian (Korean, Taiwanese, and Filipino) 
and American vessels, particularly 
purse seiners, have joined Japanese tuna 
fleets in the region. While pole-and-line 
and longline fishing there has stagnated 
or declined, purse-seining (total number 
of vessels) reached an all-time high in 
1984. 

Pacific islands nations have also 
sought greater involvement in their tuna 
fisheries and fairer financial returns for 
the fish harvested by distant-water fleets 
in their EEZ’s. Some island govern- 
ments have also promoted foreign in- 
vestment to establish new tuna indus- 
tries or bolster and expand existing 
ones. 

Thus, some western industry 
leaders? believe that the time is right 
for these governments to make con- 
certed efforts to attract and facilitate 
investment in the tuna industry. This 
opinion is based primarily on financial 
considerations related to past modes of 
operation (both in terms of fishing and 
the location of processing facilities 


2Personal communication with industry consul- 
tants and managers in the United States and 
Europe. 





ABSTRACT—This paper reviews the tuna 
industry and fishery in the Pacific islands 
region, in terms of distant-water fishing fleet 
operations and national industries. The 
former involves only fishing and the latter 
concerns both tuna fishing (in 12 countries 
and territories) and processing (in 6 coun- 
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tries and territories). Government objectives 
in fostering the establishment of tuna pro- 
jects and industry development in the region 
are analyzed together with conditions needed 
to attract foreign investment. Current oppor- 
tunities for industry investments are also 
described. 


throughout the world), resource avail- 
ability, and the fact that the world tuna 
industry appears to be at a crossroads. 

This paper reviews the tuna industry 
in the Pacific islands region, beginning 
with the region’s fishery in terms of 
distant-water fishing fleet operations and 
national industries. While the former in- 
volves only fishing, the latter concerns 
both fishing operations and tuna pro- 
cessing. Governmental objectives in 
fostering tuna projects and industry 
development in Pacific island countries 
are analyzed together with the condi- 
tions required to attract foreign invest- 
ment. The paper concludes by describ- 
ing current opportunities for investment 
in the tuna industry in the Pacific islands 
region. 


The Fishery 


The tuna fishery in the Pacific islands 
region is an integral and important com- 
ponent of the world tuna fishery. The 
Pacific islands region is defined as that 
region encompassing the geographical 
areas of Micronesia, Melanesia, and 
Polynesia, stretching from Palau in the 
west to Easter Island in the east (Fig. 
1). It is estimated that in 1984 some 
650,000 metric tons (t) of tuna (all 
species) were harvested in the region by 
distant-water fishing fleets and by 
vessels registered and based within the 


David J. Doulman is Project Director of the Multi- 
national Corporations in the Pacific Tuna Industry 
Project and a Research Fellow with the Pacific 
Islands Development Program, East-West Center, 
1777 East-West Road, Honolulu, HI 96848. Re- 
search for this paper was undertaken as part of 
the Pacific Islands Development Program’s tuna 
project and was funded by the Program and the 
East-West Center. 
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Figure 1.—The Pacific region showing the geographical areas of Micronesia, Melanesia, and Polynesia. 


region. These landings accounted for 
about 35 percent of the total world tuna 
catch. 


Distant-Water 
Fishing Operations 


Distant-water fishing vessels operat- 
ing in the Pacific islands region use 
three fishing techniques: Longlining, 
pole-and-lining, and purse seining. The 
latter two methods target on surface 


3Clark, L. G., 1985. Trends and implications of 
extended coastal state sovereign rights for the man- 
agement and development of fisheries—west cen- 
tral and southwest Pacific. Inst. Mar. Stud., Univ. 
Wash., Mimeogr. rep., 12 p. 
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stocks of tunas, particularly skipjack 
tuna, Katsuwonus pelamis, and juvenile 
yellowfin tuna, Thunnus albacares, 
while the former method exploits deeper 
dwelling tunas, particularly adult 
yellowfin tuna, albacore, Thunnus ala- 
lunga; and big-eye tuna, Thunnus 
obesus, in the Pacific islands. Billfishes 
(Xiphias gladius, Makaira nigricans, 
Istiophorus orientalis, and M. marlina) 
are also susceptible to longlining, as are 
sharks (Isurus oxyrinchus, Carcha- 
rhinus falciformis, C. longimanus, and 
prionace glauca). 

In 1984 about 115 purse seiners oper- 
ated in the Pacific islands’ tuna fishery, 


about 90 percent of which were either 
American Tunaboat Association 
(ATA)* or Japanese vessels. The rest 
were Honduran, Filipino, Korean, Mex- 
ican, or Taiwanese. In addition, some 
700 long-line vessels operated in the 
region. These vessels were, for the most 
part, Japanese and Korean, although 
Taiwanese longliners also fished. 
Distant-water pole-and-line fishing 
has declined in recent years in the 
Pacific islands region, largely because 


vice, NOAA. 
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of the rationalization plans of the Japan- 
ese government for this component of 
the industry (Doulman and Wright, 
1983). In 1984, about 100 pole-and-line 
vessels licensed to operate in the Pacific 
islands region operated mainly in 
Micronesian waters, including the ex- 
tensive Kiribati EEZ. 

Of the 650,000 t of tuna landed in the 
Pacific islands region in 1984, an esti- 
mated 500,000 t were landed by distant- 
water fishing fleets. At 1984 prices 
(which were depressed and below long- 
term average trend prices), the market 
value of this catch was about US$420 
million. 

Most distant-water fishing vessels 
operate in the Pacific islands region 
under various “access agreements” 
which acknowledge the jurisdiction of 
the island governments over tuna stocks 
within their 200-mile EEZ’s and the 
right of these governments to regulate 
and control access to those tuna re- 
sources. In turn, the agreements permit 
foreign-licensed vessels to operate for 
a negotiated fee on specified terms and 
conditions of access which govern such 
matters as crew and vessel obligations 
within the EEZ’s of licensing states and 
the furnishing of catch statistics for each 
fishing trip. Pacific island countries 
must impose these terms and conditions 
to ensure the orderly exploitation of 
their tuna resources. Provision of catch 
data in particular is a basic requirement 
for sound biological management of the 
fishery and, in turn, for conservation of 
tuna resources. 

The access agreements are either 
bilateral or multilateral. Agreements in 
some form (including those in the pro- 
cess of renegotiation) are currently in 
force between various Pacific island na- 
tions and Japan, Korea, Mexico, Tai- 
wan, the United States, and the Soviet 
Union. All agreements are negotiated 
with Pacific island governments (or their 
statutory agencies such as the Micro- 
nesian Maritime Authority in the case 
of the Federated States of Micronesia), 
although signatories to agreements for 
distant-water fishing nations represent 
both government and industry. 

Access agreements in all cases yield 
a financial return for Pacific island 
governments which is combined, in 
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some instances, with an aid component. 
The financial yield can be determined 
several ways, although there is a move- 
ment by governments in the region to 
relate returns to the quantity and market 
value of tuna harvested. Most Pacific 
island governments attempt to secure a 
financial return equal to at least 5 per- 
cent of the market value of the fish 
harvested. In some agreements this ob- 
jective is explicitly acknowledged; in 
others its recognition is implicit. 

Aid provided as part of access agree- 
ments frequently consists of the provi- 
sion of capital equipment (vessels, fish- 
ing gear, industrial freezers, etc.), 
access to training programs, and, in 
some cases, grants or concessional 
finance for fisheries projects usually of 
a developmental rather than a commer- 
cial nature. However, it is policy for 
some Pacific island governments to re- 
ject aid as part of access agreements on 
the grounds that these agreements 
should be negotiated strictly on com- 
mercial terms. These countries maintain 
that if a distant-water fishing nation 
wants to grant aid to fisheries, it should 
not be linked to any consideration of ac- 
cess for the donor’s fishing fleet. 

Under present conditions, agreements 
between the island nations and distant- 
water fishing nations generate few in- 
direct benefits. This is because distant- 
water vessels operate from and return 
to their home ports where they purchase 
all provisions before the start of each 
fishing trip and usually land their catch 
upon their return. Consequently, there 
is little interaction between the distant- 
water fishing fleets and the domestic 
economies of the island countries. Few 
nationals from the region are employed 
(except for a few Micronesian fish 
handlers and laborers in Guam and 
Tinian [Commonwealth of the Northern 
Marianas Islands] and some Samoans) 
in the fishing operations. As a general 
rule, distant-water fishing vessels utilize 
ports within the Pacific islands region 
only in cases of emergency, i.e., a 
medical need or vessel mechanical 
problems. Some purse seiners do trans- 
ship their catches at the ports of Guam 
and Tinian while others unload direct- 
ly at the canneries in American Samoa, 
but only there do distant-water fishing 


fleets generate indirect benefits within 
the region. 

Indirect benefits generated by fishing 
fleets based at ports in the region can 
be substantial. For example, in 1981 in 
Papua New Guinea the domestic oper- 
ators of small (50 Gross Registered Tons 
(GRT)) pole-and-line vessels in the 
domestic fleet spent US$240,000 per 
vessel on goods and services supplied 
by local merchants and workers. Sim- 
ilarly, expenditures by the operators of 
a medium-sized (350 GRT) purse seiner 
based at Rabaul in Papua New Guinea 
totaled US$400,000 in 1981 (Doulman, 
1984). Twelve visits by American purse 
seiners to Honolulu in 1983 generated 
more than US$2 million in income for 
Hawaiian businesses (State of Hawaii>). 
These expenditures represent significant 
payments to local businesses, and al- 
though there is a high import compo- 
nent in many of the goods and services 
provided (i.e., fuel purchases), their 
supply boosts the level of economic ac- 
tivity in the locations where the fleets 
are based and serviced. Therefore, the 
region’s governments with the capacity 
to service distant-water fleets such as 
Hawaii, the Federated States of Micro- 
nesia, Fiji, Guam, and Papua New 
Guinea have expressed interest in basing 
vessels on a semi-permanent or perma- 
nent basis in their respective countries. 

Tuna landed in the Pacific islands 
region by distant-water pole-and-line 
and purse-seine vessels are primarily 
destined for canning, while the long-line 
product usually goes to Japan’s sashimi 
(raw fish) market. A large proportion 
of the tuna landed by purse-seine and 
pole-and-line vessels is processed by 
canners in Asia (Thailand, Japan, and 
the Philippines), and the United States 
(American Samoa and Puerto Rico)®. 


National Industries Within 
the Pacific Islands Region 


Of the 650,000 t of tuna taken in the 
Pacific islands region in 1984, about 


5State of Hawaii Department of Planning 
Economic Development. 1985. Hawaii as a base 
for tuna purse-seining a ae Dep. 
Planning Econ. Dev., Mimeogr. rep., 36 p. 
‘At the beginning of 1985 the United States had 
only one relatively small tuna cannery ‘Pan 
Pacific) operating on the mainland at Terminal 
Island, Calif. 


and 





150,000 t (about 23 percent) were har- 
vested by vessels permanently based at 
ports within the region, and about 60 
percent of that was processed in the 
region. The unprocessed market value 
of the catch taken by the region’s vessels 
was estimated to be US$83 million. 

Pole-and-line and long-line fleets (or 
individual vessels) are currently based 
in American Samoa, Fiji, Hawaii, Kiri- 
bati, Papua New Guinea, Solomon 
Islands, Tonga, Tuvalu, and Vanuatu. 
Neauru has two purse-seine vessels, and 
since 1980 one seiner of Honduran 
registration has been based in Papua 
New Guinea. Tuna landed by the fleets 
based in Kiribati, Papua New Guinea, 
and Vanuatu is exported. Pole-and-line 
caught tuna from Kiribati and Papua 
New Guinea is being processed in Fiji 
and elsewhere (e.g., Thailand) while 
some long-line product goes to Japan’. 
Tuna landed by vessels in American 
Samoa, Fiji (including the vessels 
from Tonga and Tuvalu), Hawaii, and 
Solomon Islands are processed at facil- 
ities in those countries, although a large 
proportion of the tuna landed in 
Solomon Islands is exported in frozen 
round form to canneries in the United 
States and Asia. With the closure of the 
only tuna cannery in Hawaii (Hawaii 
Tuna Packers) in late 1984, the pros- 
pects for the Hawaiian fleet that relied 
on sales of fish to the cannery are 
unclear. 

The ownership of tuna fleets based in 
the Pacific island region varies. Some 
fleets are owned by governments or 
statutory bodies, joint-venture com- 
panies, private corporations, or in- 
dividual fishermen who have charter 
agreements with processors. It is quite 
common for ownership patterns to 
change or for more than one type of 
ownership regime to exist in a single 
country. For example, vessels in 
Solomon Islands are independently 
owned by both a joint-venture company 
and a statutory corporation. To ensure 
tuna supplies for Pacific island process- 


According to industry reports, tuna landed by 
Kiribati’s fleet is now sold under contract to the 
Star-Kist cannery in American Samoa and not to 
the cannery in Fiji. 
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ing facilities, contractual arrangements 
between processors and vessel owners 
are usually made if the vessels are not 
owned by the processing company. 

Shore-based tuna facilities are for 
transshipment and processing (i.e., can- 
ning and smoking of katsuobushi or ara- 
bushi). Vanuatu’s transshipment facility 
was built in 1957 and is owned and oper- 
ated by Mitsui Bussan to accumulate 
catches of individual vessels for eco- 
nomical export. The facility can handle 
up to 10,000 t of long-line caught tuna 
per year, although in recent years 
smaller quantities have been handled 
(i.e., <4,000 t was transshipped in 
1984). At US$7 million, Vanuatu’s 1984 
tuna exports accounted for about 12 per- 
cent of the country’s total exports (Gov- 
ernment of Vanuatu, 1985). 

A transshipment facility established in 
Palau in the early 1960’s was formerly 
operated by Van Camp (Ralston Purina), 
with tuna being shipped to the Van 
Camp cannery in American Samoa for 
processing. Since 1982 the facility has 
not been utilized commercially. 

Transshipment operations in Guam, 
which started modestly in the early 
1970’s, involve purse-seine vessels. 
These operations do not utilize design- 
specific shore-based facilities and as 
such are inherently temporary. In Ti- 
nian, transshipment operations consist 
simply of transferring tuna from one 
vessel to another in a sheltered harbor. 
No shore-based infrastructure exists to 
support these operations. Thus, the 
ports of Guam and Tinian are not cur- 
rently considered to be transshipment 
ports in the strict sense of the term. 

Tuna processing facilities are located 
in three countries and one territory in 
the region. The largest are in American 
Samoa where two canneries (combined 
annual processing capacity >140,000 t) 
have been upgraded and expanded. They 
are owned by Star-Kist (H. J. Heinz) 
and Van Camp (Ralston Purina). The 
former began operations in American 
Samoa in 1963 and the latter in 1954. 

The economy of American Samoa is 
overwhelmingly dependent on these two 
canneries. More than 90 percent of 
American Samoa’s total export value is 
derived from them and they account for 


about 30 percent of total wage employ- 
ment in the territory. The canned tuna 
is marketed principally in the United 
States. 

Smaller tuna canneries are located in 
Hawaii, Fiji, and Solomon Islands. The 
Hawaiian cannery, now closed, was 
owned by the American corporation 
Castle and Cooke. Its future is uncer- 
tain. In recent years the Hawaiian can- 
nery processed about 16,000 t of tuna 
yearly. Canned production was valued 
at US$40 million and was marketed 
locally and on the U.S. mainland. The 
cannery was also an important em- 
ployer, providing about 400 jobs°. 

Almost all the tuna landed in Fuji’s 
EEZ is canned for export to Europe, 
mainly, and more recently to the United 
States. The small part of the high valued 
long-line caught product is exported raw 
to Japan for the sashimi market. In 1983, 
8,500 t of tuna was processed in Fiji 
with export receipts of about US$11.8 
million—slightly less than 3 percent of 
Fiji’s overall exports in 1983 (Govern- 
ment of Fiji, 1984). 

Fiji’s tuna cannery, built in 1964, is 
a joint venture between the Fijian Gov- 
ernment and the Japanese firm C. Itoh, 
with Itoh holding 71 percent of the equi- 
ty and providing marketing and manage- 
ment. However, Itoh has informed the 
Fiji Government that it will quit the joint 
venture upon expiration of the project 
agreement in 1987, reportedly owing to 
lack of profit (Islands Business, 1985). 
However, Itoh was also a minority part- 
ner in Papua New Guinea’s largest and 
most successful prawn company, New 
Guinea Marine Products Pty., Ltd., in 
Port Moresby. In 1983 Itoh sold its equi- 
ty in the company on the grounds that 
it wanted to quit fishing as a matter of 
company policy and to concentrate sole- 
ly on trading, the company’s principal 
business activity. It is a matter of con- 
jecture, therefore, that Itoh’s desire to 
withdraw from its Fiji operations might 


®Hawaii Department of Planning and Economic 
Development officials. Personal commun. 1985. 
A recent (May 1985) development involves the 
possible cannery purchase by a local company. If 
this occurs, its operations may be scaled down and 
to — only tuna landed by Hawaiian-based 
vessels. 
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not be related to the Fiji operations per 
se but rather to its stated policy of want- 
ing to return to its primary corporate 
trading objective. With the likely with- 
drawal of Itoh from the joint venture, the 
government of Fiji is actively seeking 
a foreign partner as a replacement 
(Islands Business, 1985). 

Solomon Islands produces both 
canned tuna and arabushi, and the oper- 
ations, which began in 1972, are a joint 
venture between the Solomon Islands 
Government and the Japanese firm 
Taiyo, which provides the fishing, man- 
agement, and marketing expertise. 
Apart from American Samoa, where the 
tuna industry dominates the territory’s 
economy, no other tuna operation in the 
region is as economically important as 
the tuna industry in Solomon Islands. 
In 1983, tuna vessels based in the coun- 
try landed some 39,000 t (all species), 
of which 4,900 t were processed as 
canned (3,100 t) or smoked (1,800 t); the 
remainder (34,100 t) was exported in the 
round, frozen. The 1983 export value 
was US$24 million, representing 41 per- 
cent of the country’s total exports for the 
year. 

Arabushi from Solomon Islands is 
marketed in Japan by Taiyo, while the 
canned tuna is usually sold in Europe 
(it, like the Fijian product, enjoys a high 
reputation and is often sold under up- 
scale labels such as “John West’’). 

The establishment of tuna processing 
facilities in the region has allowed coun- 
tries to conserve foreign exchange 
reserves to some extent through import 
replacement of canned fish. 


Development Prospects 


All Pacific island Governments have 
clearly stated that they want increased 
involvement in their tuna industry. 
Some, such as Papua New Guinea, have 
recently taken an aggressive approach 
to attracting potential foreign investors 
and have identified tuna development as 
a priority area for investment (Govern- 
ment of Papua New Guinea, No date). 
Similiarly, Fiji has sought closer fish- 
eries cooperation with the United States, 
particularly in establishing transship- 
ment facilities for American purse 
seiners and the possible replacement of 
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C. Itoh with an American partner 
(Islands Business, 1985). 

All governments in the region have a 
generally healthy and realistic attitude 
about the need for foreign capital and 
expertise in the tuna industry. Further- 
more, the governments are prepared to 
invest in the industry if necessary to at- 
tract foreign participation. 


Government Objectives 


In seeking foreign partners to help 
develop their tuna fisheries, Pacific 
islands governments have several spe- 
cific goals: 


1) Creating employment opportun- 
ities for Pacific islanders. Most island 
nation citizens have limited employment 
opportunities and, with annual popula- 
tion growth rates 22 percent, job crea- 
tion is a top priority (South Pacific 
Commission, 1984). Creating employ- 
ment opportunities helps cushion the 
adverse impact of rapid population 
growth and urbanization. 

2) Generating foreign exchange. All 
Pacific island countries seek to improve 
their balance of trade via the tuna indus- 
try. This can be done partly through im- 
port replacement policies (and possibly 
by saving foreign exchange on tinned 
and frozen fish imports) and partly 
through selling processed and frozen 
round tuna. 

3) Broadening and strengthening the 
country’s economic base. Pacific island 
countries generally have narrow eco- 
nomic bases and are dependent on a 
small range of export commodities that 
often face unstable world markets. 
While tuna markets exhibit this charac- 
teristic, as an additional export com- 
modity it permits diversification, 
strengthens the economic position of the 
country, and can have a stabilizing in- 
fluence on a country’s export earnings 
and government income. 

4) Gaining greater national control 
over the exploitation and utilization of 
the country’s tuna resources. 

5) Generating additional government 
revenue to support socioeconomic de- 
velopment programs. 

6) Training of Pacific islanders in a 
continuing effort to reduce dependence 


on foreign skills in the tuna and related 
industries. 

7) Facilitating technology transfer to 
Pacific island countries. 


These considerations apply to most 
industrial projects being established in 
Pacific island countries. However, the 
ranking given to the various develop- 
ment goals depends on socioeconomic 
priorities in each country. 


Considerations for 
Foreign Investors 


While each island government has 
specific benefits that it seeks to achieve, 
foreign investors are essentially con- 
cerned with the risks involved in the 
venture and the financial security of 
their investment. Potential investors in 
the Pacific island tuna industry will 
carefully scrutinize the proposed project 
and location prior to committing funds, 
and will assess the following aspects: 


1) Resource availability. Tuna re- 
sources of proven commercial potential 
must exist in the proposed location. If 
pole-and-line fishing is involved, bait- 
fish stocks may be examined. Seasonal- 
ity of both resources should be deter- 
mined, along with discernible tuna 
migration patterns. 

2) Investment climate. Several factors 
affect a country’s investment climate: 
Political stability, management of the 
economy (including monetary and fiscal 
policy), type and extent of controls 
placed on foreign investors and the con- 
sistency with which these controls are 
applied, clari:, of investment guide- 
lines, and the responsiveness of govern- 
ment agencies and departments in deal- 
ing with foreign investment queries and 
proposals. 

3) Availability of necessary natural 
facilities (water, harbors, etc.). A lack 
of natural endowments, i.e., fresh water 
supplies in some island nations can 
hamper shore-based tuna development. 

4) Infrastructure available, and a pos- 
itive government position on its use 
(i.e., rent, sharing, etc.) and the provi- 
sion of new infrastructure. (The fate of 
a proposed project may depend heavily 
on the latter.) Including infrastructure 
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in a project’s cost might make it too 
costly to proceed. However, initial 
financing of the infrastructure by the 
government and levying a user-charge 
on the investor greatly reduces the 
financial impact on the project in its 
early years. 

5) Local availability of essential 
goods and support services (i.e., fuel 
supplies, storage facilities, telecommun- 
ications, basic engineering services, 
etc.). Also included are entertainment 
facilities for rest and recreation of fish- 
ing crews and shore-based workers. 

6) Availability of labor and skill-level 
of the workers. Prevailing wage rates, 
productivity, and industrial relations are 
important to prospective investors in 
shore-based facilities. 

7) Fiscal and other incentives and 
concessions offered by the host govern- 
ment. 


The relative importance of each of 
these considerations will vary among in- 
vestors who may represent an individual 
or a multinational corporation. Direct 
government participation in a project 
also reduces a foreign investor’s ex- 
posure to risk and (for these and other 
reasons) government participation is 
often considered desirable. 


Investment Opportunities 


Many investment opportunities in the 
Pacific islands tuna industry currently 
exist. They can best be reviewed in 
terms of the three major industry ac- 
tivities: Fishing, transshipment facil- 
ities, and processing facilities and 
marketing. 

Fishing 

Most, if not all, of the region’s gov- 
ernments would welcome proposals 
from foreign investors to expand their 
domestic tuna fishing capacities. Such 
proposals should provide for stable 
commitments on the part of the investor 
and have well-defined benefits for the 
nation involved. Inc!ision of benefits is 
necessary to dispel the sometimes 
justifiable suspicions of some govern- 
ments about possible underlying 
motives of the foreign investor (e.g., 
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development of a national industry ver- 
sus obtaining supplies of fish for pro- 
cessing elsewhere). 

Regional interest in tuna fishing 
expansion centers principally around 
investment in purse seiners, although 
opportunities also exist in the long-line 
fishery and to a lesser extent in pole- 
and-line fishing. At least four countries 
—Fiji, Kiribati, Papua New Guinea, and 
Solomon Islands—are considering add- 
ing purse-seine vessels to their national 
fleets, and Western Samoa may be con- 
sidering the same®. Micronesia, has 
expressed interest in expanding both 
domestic pole-and-line and long-line 
activities. 

Foreign entrepreneurs who want to 
base their purse-seine vessels perma- 
nently at a port in the region would, in 
most instances, receive favorable con- 
sideration from island governments. 
Each country where a vessel is based 
would derive financial and other indirect 
benefits while the vessel owner would 
likely receive preferential access to the 
country’s tuna resources. For example, 
it is possible that countries may impose 
a ceiling on the total number of licenses 
to be issued and that ranking criteria 
will be established as a means of allo- 
cating licenses. Vessels based in the 
licensing country will be given top 
priority followed by vessels from other 
countries in the region with which the 
licensing country has special arrange- 
ments. 


Transshipment Facilities 


The region’s only shore-based trans- 
shipment facilities with the capacity to 
service the industrial tuna fishery are in 
Palau and Vanuatu. Additional facilities 
close to the purse-seine fleet fishing 
grounds would enhance fleet efficiency 
and boost financial returns by mini- 
mizing unproductive port time and 
travel time. The primary impediment to 
establishing shore-based facilities is the 
lack of facilities enabling prompt and ef- 
ficient service at ports of discharge (i.e., 
prompt unloading of the catch and load- 
ing provisions). 

Port congestion and other restrictions 


*Source: Various press and industry reports. 


(i.e., Pago Pago, American Samoa) 
often mean that seiners are idle for as 
many as 10-60 days when discharging 
their catch. The round trip between 
Pago and Pago and the purse-seining 
grounds in the Federated States of 
Micronesia and Papua New Guinea can 
take another 15-20 days. Similar travel 
time is common for Japan-based 
vessels. 

Pacific island nations have expressed 
considerable interest in establishing 
transshipment facilities. The most 
promising locations (and active support 
for such facilities) are in the Federated 
States of Micronesia, Papua New 
Guinea, and Guam (if the U.S. govern- 
ment can waive certain restrictions that 
apply to foreign flag carrier vessels in 
Guam’s ports). 

Japanese government policy on tuna 
transshipment has traditionally required 
all Japanese flag vessels to return to 
Japan to discharge their catches at the 
end of each fishing trip. This enables 
their government to regulate the supply 
of tuna to the Japanese market and sup- 
port prices. The policy is particularly 
important for the long-line fishery and 
represents a textbook example of a gov- 
ernment utilizing institutional arrange- 
ments to alleviate the inefficiencies of 
an over-capitalized industry. 

It is, however, a common approach 
used in mature fisheries by most gov- 
ernments around the world, because 
attempts to rationalize fisheries in the 
short to medium terms are often politi- 
cally sensitive and difficult. Nonethe- 
less, in 1983 Japan relaxed its trans- 
shipment policy, allowing its seiners to 
transship tuna at Guam, Tinian, and 
other Asian ports. This change seems 
partly related to the end use of tuna 
landed by purse seiners vis-a-vis that of 
long-liners. 

Much of the purse-seine product is 
exported from Japan to U.S. canneries 
(and more recently to Thailand and 
Philippine canneries), while long-lined 
fish are primarily consumed in Japan. 
Thus, the Japanese Government prob- 
ably has a stronger proprietary interest 
in maintaining higher and more stable 
prices for long-lined fish products by 
regulating their supply than it does for 
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purse-seined products. The significant- 
ly different operational characteristics 
and cost structures of the two fisheries 
might also have a bearing on the 
changes in Japanese policy. 

Tuna transshipment facilities are 
either being considered, or constructed 
in several island countries. In Majuro, 
Marshall Islands, a US$2 million wharf 
and cold storage facility is being built, 
and is financed by the Japanese Govern- 
ment under its fisheries aid program. It 
will service some 400 tuna vessels 
mainly of Japanese flag, fishing Mar- 
shall Islands’ waters and will later be ex- 
panded, making Majuro a prominent 
regional tuna transshipment base (South 
Pacific Commission, 1985b). 

The Federated States of Micronesia 
has been considering the establishment 
of a cold storage and transshipment 
facility at Dublon Island (Truk State) 
which already has an excellent wharf for 
large ocean-going vessels. Dublon 
Island is also optimally situated to ser- 
vice purse-seine fleets, and about 
US$450,000 has been slated for facility 
and port planning and construction in 
1986. US$250,000 will be spent in fiscal 
year 1987 to refurbish the former Van 
Camp transshipment and freezer facili- 
ty in Palau (Pacific Fisheries Develop- 
ment Foundation”). 

In Papua New Guinea, a medium 
sized transshipment facility (3,000 t 
capacity) is being considered for either 
Manus or Rabaul to service purse-seine 
fleets in the country’s EEZ. The Fijian 
Government and Chamber of Com- 
merce are also interested in attracting 
American purse seiners to their ports 
(South Pacific Commission, 1985b), 
and if successful, transshipment facil- 
ities will probably be needed there. 


Processing Facilities 
and Marketing 


Pacific island nations also recognize 
the benefits of vertically integrated in- 
dustries and the need for reasonable 
economies of scale to ensure financial 
viability. The former would protect 
financial returns to investors and gov- 


‘Pacific Fisheries 


Development Foundation. 1985. 
Quarterly Report January-March 1985. Mimeogr. 
rep. 48 p. 
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ernments by spreading the different 
levels of risk. The greatest benefits for 
the countries will be achieved when the 
company undertaking a project catches 
(utilizing its own vessels or those that 
it has contracted), processes, and mar- 
kets its product in a vertically integrated 
manner. Loss of control over any of 
these activities, particularly processing 
and marketing, will render fewer 
benefits to the company, its stock- 
holders, and, in turn, the government. 
Tuna fishing constitutes the high cost/ 
risk end of the industry where financial 
returns are inherently unstable and 
sometimes marginal depending on mar- 
ket conditions. Processing and market- 
ing, on the other hand, is the lower risk 
end of the industry with financial 
returns characteristically high and less 
volatile. 

The Governments of Fiji, Papua New 
Guinea, and Solomon Islands are now 
considering the establishment or expan- 
sion of existing tuna processing facil- 
ities. Fiji is seeking a partner (and pro- 
posals from foreign investors) to replace 
C. Itoh in its joint venture company after 
1987. 

Papua New Guinea has selected five 
potential foreign investors to help devel- 
op its tuna industry. The investors (from 
the United Kingdom, Denmark, France, 
Thailand, and the Philippines) are 
making feasibility studies of their pro- 
posed projects in Manus and Kavieng. 

The US$7.5 million expansion of the 
Solomon Islands joint-venture cannery, 
planned for several years, is expected to 
double existing processing capacity to 
10,000-12,000 t of tuna per year. The 
cannery will be relocated from Tulagi 
to Noro in the Western Solomons. The 
Tulagi site will continue as a receiving 
and cold-storage support facility (South 
Pacific Commission, 1985c). The Solo- 
mon Islands government will continue 
as an equity partner with its current 
Japanese partner, Taiyo. 


Other Products 


Besides canned tuna, prospective for- 
eign investors might consider tuna loin 
production. While this is inconsistent 
with vertical integration, loin processors 
might be able to negotiate long-term 


product sales contracts that would guar- 
antee both minimum (floor) loin prices 
and quantities irrespective of market 
conditions". This could offer the pro- 
ducing company greater financial secu- 
rity. However, lacking well defined and 
“water-tight’’ long-term sales contracts 
with loin purchasers, Pacific island na- 
tions should not promote loin produc- 
tion. In a market downturn (which will 
occur periodically), loin producers may 
have to scale back operations, resulting 
in financial losses and income instabil- 
ity. 

Loin production is currently fraught 
with technical problems”, which if 
overcome, could benefit processors re- 
maining in high wage countries since 
they could dispense with the costly 
preparation of loins and could can the 
loins and market them competitively. 
Pacific islands loin producers, on the 
other hand, would derive employment 
and other benefits from producing the 
loins and could process the tuna offcuts, 
most of which could be sold domes- 
tically. 

Opportunities for expansion of kat- 
suobushi and arabushi production in the 
region are limited by marketing knowl- 
edge, Japanese demand, and, in some 
countries lack of firewood for smoking. 
Thus, investment in such processing 
plants is not considered important. 
Nonetheless, Papua New Guinea’s 3,000 
t capacity katsuobushi plant, mothballed 
in 1981, is expected to be reopened. 


Conclusion 


Pacific island nation Governments 
strongly encourage development of the 
region’s tuna industry. A large and 
proven resource exists and national con- 
ditions are conducive to foreign invest- 
ment. 

Currently, the principal constraint on 
development is the inability of foreign 
investors and governments, either in- 
dividually or in combination, to put 
together bankable projects. Projects 


"tA precedent for this exists in Papua New Guinea 
with the sale of timber to overseas buyers. 
"The international trade in tuna loins is current- 


ly small. If loin preservation problems can be over- 
come, tuna processing facilities might be moved 
back to the U.S. mainland. 





must be financially and technically 
viable before foreign investors or gov- 
ernments commit funds. (However, the 
time-frame requirements for govern- 
ments in terms of return on investment 
probably differ from those of private 
investors. ) 

In addition to the overriding con- 
sideration of viability, regional tuna 
projects should: 


1) Be internationally cost and price 
competitive, 

2) Produce a high-quality product 
that is acceptable to international 
markets, 

3) Provide fair and reasonable finan- 
cial returns to equity participants, 

4) Have committed, innovative, com- 
petent, and progressive management 
and marketing expertise capable of pro- 
moting efficient, stable, and enduring 
industries, and 

5) Be consistent with socioeconomic 
development goals of host governments. 


Projects that can satisfy these condi- 
tions should have little difficulty in 
securing financing from private and 
semi-official sources. Many institutions 
are eager to finance such projects in the 
Pacific islands region if viability and 
bankability are demonstrated. 

If it is accepted that the role of gov- 
ernment is not normally to be actively 
involved as an equity participant in com- 
mercial ventures, governments should 
encourage foreign investors to initiate 
and undertake projects without public 
involvement (at least as an opening 


negotiating position). However, the 
nature of the tuna industry, and indeed 
the fishing industry in general, will 
often prompt foreign investors to seek 
government participation in projects as 
an indication of the government’s com- 
mitment to the industry’s development. 
On the other hand, governments will 
frequently opt for an active role in fish- 
ing projects to have better control over 
trading and pricing practices. In reality, 
direct government participation may 
have little effect on these practices. 
Alternative measures to equity partici- 
pation, which are more efficient and 
generally less costly, can be exercised 
by governments to monitor pricing and 
trading practices of foreign entrepre- 
neurs involved in resource exploitation. 

Given that there is common ground 
between foreign investors and govern- 
ments (although for different reasons) 
to be actively involved in tuna projects, 
joint-venture arrangements probably 
represent the most accommodating solu- 
tion for all parties. Projects that involve 
consortia of foreign investors, as op- 
posed to individual investors or com- 
panies, enjoy additional advantages. 
These advantages include reduced risk 
levels for each party, greater expertise 
for the project, and a series of checks 
and balances on the activities of in- 
dividual investors. 

Pacific island Governments are keenly 
aware that the region’s tuna resources 
are a sufficient but not necessary con- 
dition to ensure the existence of a tuna 
industry. Thus, the Governments are 
realistic in their goals and they are aware 


of what is achievable and needed to at- 
tract quality foreign investment. 

Finally, many industry observers con- 
tend that the Pacific islands region will 
continue to play an important and in- 
creasing role in the international tuna in- 
dustry. Prudent tuna processors con- 
cerned with long-term security of fish 
supplies and others who want a stake in 
the region’s industry might be well 
advised to avail themselves of existing 
opportunities there. 
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Pen Rearing Pacific Salmon, Oncorhynchus spp., 
in San Francisco Bay 


WILLIAM S. LEET, ROGER E. GREEN, and DANIEL RALPH 


Introduction 


Saltwater net-pen culture of Pacific 
salmon, Oncorhynchus spp., is a recent 
development in salmonid management. 
The technique consists of transferring 
smolts directly from fresh water into 
saltwater net pens. The salmon are 
reared in salt water, where their growth 
rate is accelerated, and at the appropri- 
ate time or size of fish, they are released 
or harvested for marketing. 

Research on saltwater pen rearing on 
the U.S. west coast was initiated in 1969 
by the National Marine Fisheries Ser- 
vice’s (NMFS) Northwest and Alaska 
Fisheries Center at its Manchester Field 
Station on Clam Bay in Puget Sound, 
Wash. (Novotny, 1975). Coho, O. ki- 
sutch, and chinook, O. tshawytscha, 
salmon held in saltwater net pens in 
Puget Sound beyond the time of their 
normal migration into the sea tended to 
remain in the Sound and were more ac- 
cessible to recreational fishermen 
(Novotny, 1975; Moring, 1976). In addi- 
tion, chinook salmon were found to 





ABSTRACT—Chinook, Oncorhynchus tsha- 
wytscha, and coho, O. kisutch, salmon were 
pen-reared in San Francisco Bay from 1974 
to 1979 at the NMFS Southwest Fisheries 
Center's Tiburon Laboratory, Tiburon, Calif. 
Environmental and experimental conditions 
varied from year to year and tag returns in- 
dicated an inconsistent contribution of the 
different pen-reared groups to the local sport 
fishery and ocean harvest. The best results 
were from chinook salmon reared in 1976. 
Although commercial applications of pen 
rearing in San Francisco Bay might succeed, 
we do not see the release of pen-reared fish 
as an effective management technique for in- 
creasing the ocean catch in California. 
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on pen-rearing 
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return to streams closest to the pen- 
rearing site rather than to their natal or 
hatchery streams (Novotny, 1975). Such 
delayed release of pen-reared salmon re- 
sulted in improved returns to the fishery 
as well as better spawning escapement 
(Mahnken and Joyner, 1973). 


The authors are with the Tiburon Laboratory, 
Southwest Fisheries Center, National Marine 
Fisheries Service, NOAA, 3150 Paradise Drive, 
Tiburon, CA 94920. The current address of R. E. 
Green is Tin Cup Road, Darby, MT 59829. The 
current address of D. Ralph is 8 Fifth Street, West 
Keansburg, NJ 07734. 


The Squaxin Indian tribe, Shelton, 
Wash., has pen-reared coho salmon 
since 1976 and is currently releasing 
over 1 million fish annually. This pro- 
gram has increased the tribal catch 
dramatically. Consistent returns of 15-20 
percent are being achieved!. 

In 1974, the NMFS Southwest Fish- 
eries Center’s Tiburon Laboratory, Tib- 
uron, Calif. (Fig. 1), in cooperation 
with the San Francisco Tyee Club (a 


'Tim Tynan, Squaxin Indian Tribe, Shelton, Wash. 
Unpubl. data. 
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recreational fishermen’s association), 
the California Department of Fish and 
Game (CDFG) and the University of 
California Cooperative Extension Ser- 
vice—Sea Grant (UCSG) began a series 
of salmon pen-rearing and release ex- 
periments to investigate the feasibility 
of pen rearing in San Francisco Bay. 
The primary objectives were to learn if 
seawater pen rearing of Pacific salmon 
would be possible in San Francisco Bay 
and if a recreational coho fishery could 
be established inside the Bay. As the 
study progressed, we added the an- 
cillary objectives of measuring the con- 
tribution of pen-reared salmon to the 
ocean harvest and determining if pen 
rearing salmon in San Francisco Bay 
would be a cost-effective technique for 
augmenting the ocean harvest of Pacific 
salmon. 


Rearing Environment 


The pen-rearing site at the Tiburon 
Laboratory was on the northeast shore 
of the Tiburon Peninsula on San Fran- 
cisco Bay (Fig. 1). The pens were fast- 
ened alongside a concrete quay where 
the depth was 3.2 m at mean lower low 
tide and the mean daily tidal range was 
1.75 m. Tidal currents typically reached 
1 km/hour. The pens were exposed to 
wave action from wakes of passing ships 
and from wind waves ranging up to 1.6 
m. Annual ranges in salinity and tem- 
perature recorded at the pen-rearing site 
were 9-31°/oo and 9.5°-21.0°C, respec- 
tively. 

Net-pen enclosures, constructed of 
nylon mesh in the form of topless rec- 
tangular boxes, were hung from floats 
which also served as walkways (Fig. 2, 
3). Mesh sizes were 22-32 mm stretched 
measure. To prevent deformation of the 
net in tidal currents, plastic gallon jugs 
filled with sand were suspended from 
lines inside each corner, and at about 
1.8 m intervals along the sides and ends. 

Predaceous seabirds were excluded 
from the open tops of the net pens by 
nylon nets stretched over the pens about 
1 m high on pipe stanchions and poly- 
propylene rope crisscrossed over the pen 
structure. 


Pen-Rearing Procedures 
Table 1 summarizes information on 
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Figure 2.—Diagram of rearing pen. 


Figure 3.—Rearing pen in place. 


the nine groups of salmon reared dur- 
ing the study. Coho salmon were ini- 
tially selected for the pen-rearing ex- 


periments on the basis of the NMFS 
_ Manchester Field Station reports and the 
evaluation guidelines given by Novotny 


25 





Table 1.—Summary of details pertaining to Pacific salmon pen-reared and released at the Tiburon Laboratory, 


1374-79. 





Last 
hatchery 


Brood stock 


No. 
fish Release 
delivered 


Mean size 
(g/fish) 


at de- 
livery 


at re- 


date lease 


Table 2.—Summary of tag release and return details for 
groups of salmon pen-reared at the Tiburon Laboratory, 
1974-79. 


Tagged" 
fish Tag’ 
released returns 
(no.) (no.) 





Adjusted? 
return 
Group 





Coho Mad R., 
Calif. 
Mariculture 
Wash N.W., Wash. 
Alsea R., San Joaquin, 
Oreg. Calif. 
Feather R., 
Calif. 


Noyo R., 
Calif. 
Coho Kalama R., 

Coho 
Chinook Fall run 
Feather 
R., Calif. 
Skagit R., 
Wash. 
Toutle R., 
Wash. 


Coho Mad R., 
Calif. 
Aqua Dell, 


Oreg. 


Feather R., 
Calif. 


Coho 


Chinook = Fall run 
Feather 
R., Calif 

Fall run 
Feather 
R., Calif. 

Fall run 
Feather 
R., Calif. 


Chinook Feather R., 


Calif. 
Chinook Feather R., 
Calif. 


10,000 


11/06/74 t 15 
11/24/75 F 19 

3/31/76 5 62 
12/17/76 5 34 


TN4I77 5 23 


9/12/77- ly 22 
11/08/77 


6/13/78 
10/26/78, 
11/03/78 


11/20/79, 
11/21/79 





(1975). These reports indicated that 
cohos are more resistant to disease and 
handling mortality during saltwater cul- 
ture than chinook salmon, and exhibit 
good first-year growth in salt water. 
Also, since coho salmon are not normal- 
ly found in either the Sacramento-San 
Joaquin River system or the San Fran- 
cisco Bay-Delta system (Hallock and 
Fry, 1967) we could assume that most 
cohos found near the rearing site or up- 
stream had originated at our net pens. 

Smolts (young fish physiologically 
capable of osmoregulating in seawater) 
were provided by State or Federal hatch- 
eries in California or were purchased 
from commercial hatcheries in Oregon 
or Washington. The fish were delivered 
to Tiburon by hatchery trucks usually 
equipped with refrigeration and recir- 
culating pumps. 

Several factors led to our decision to 
use chinook salmon for the final three 
rearing experiments. They were readily 
available from California State hatch- 
eries free of charge, whereas cohos were 
not, and funds were not available to pur- 
chase cohos from commercial hatch- 
eries. In addition, we had successful 
results with the chinooks reared in the 
Group 4 experiment. 

Groups 1, 2, and 5 (Table 1) were 
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inoculated against Vibrio anguillarum 
by vaccine injection at least 2 weeks 
before transport. Group 9 was inocu- 
lated against V. anguillarum by immer- 
sion in vaccine. The other groups were 
not inoculated. 

In 1974, the first year of the pen-rear- 
ing experiments, the fish were fed Ore- 
gon Moist Pellets? (OMP). Thereafter, 
rearing capacity was quadrupled and 
dry-pellet salmon diets were substituted 
because sufficient refrigerated storage 
capacity for the OMP was not available. 

Feeding rates of 3-5 percent body 
weight per day were used, dividing daily 
rations into four feedings. For groups 
with a large size range, the daily ration 
was divided into three feedings so that 
toward the end of each feeding period 
there was food left for the smaller, less 
aggressive fish after the larger ones had 
fed to satiation. 

Pen stocking did not exceed the rec- 
ommended density of 16 kg/m? (No- 
votny, 1975). As the salmon grew, fish 
were transfered to avoid exceeding this 
capacity. 

After release of the salmon, nets were 


2Mention of trade names or commercial firms does 
not imply endorsement by the authors or the Na- 
tional Marine Fisheries Service, NOAA. 


4,000 N 16.N 
600 F ze 
7,631 C 67C 
4,717C 42C 
2,645 C 144C 
2,417 C 2c 
13. C 
0B 
275 N 
2,461 N 
20C 
1,435 N 


6,433 C, 


16,300 N 
18,500 N 

1,400 C 
12,720 n 





‘Tag types: B = Freeze brand, C = Carlin, F = Floy dart, 
and N = nose. 

2Adjusted for tagging mortality/tag shedding. 

3The tagging mortality/tag shedding adjustment factor of 
4.32 demonstrated for Carlin tags only. 


removed from the Bay and hung to dry. 
The nets were cleaned of fouling 
growth, inspected, and mended. At the 
end of the rearing year, pen sections 
were disassembled in the water, lifted 
out, and inverted for drying. When the 
sections were dry, the fouling organisms 
were scraped away and repairs were 
made. The work was usually accom- 
plished in less than 100 worker-days. 
Tagging 

All 10,000 coho salmon of Group 1 
(1974) and many chinook salmon in 
Groups 7, 8, and 9 were internally nose- 
tagged with binary-coded magnetic wire 
tags (Jefferts et al., 1963) and adipose- 
fin-clipped for field recognition (Table 
2). Additionally, 600 fish from the 1974 
rearing were double-tagged with plastic 
dart tags (Dell, 1968). Carlin tags 
(Saunders, 1968) were used from 1975 
through 1978. Tagged fish were held in 
recovery pens until normal feeding 
behavior resumed—usually 1-2 days. 
Mass releases into the Bay were timed 
for an ebbing tide when the water was 
turbid to help conceal them from 
predators. 

In addition to being Carlin-tagged, 
one group (Group 6) was also freeze- 
branded (Mighell, 1969) to test the ef- 
fectiveness of this less expensive mark- 
ing procedure. For this test, a 6.35 mm 
dual brand (symbol IH) was applied 
under the dorsal fin. When fish were not 
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marked and therefore not counted, the 
number released was estimated by 
weighing and counting random samples 
of the fish as they were dipnetted from 
the pens. 


Pen-Rearing Experience 
by Year 


Between July 1974 and November 
1979, nine groups of salmon were reared 
and released at the Tiburon Laboratory 
saltwater pen site. Tables 1 and 2 sum- 
marize details of rearing and tag returns. 
Because of the great experimental dis- 
similarity among the rearing groups, we 
present here notes, by group, on our ex- 
periences in rearing these fish. Group 
numbers match those used in Tables 1 
and 2. 


Group 1, 1974 


In the first year of the project, 10,000 
coho salmon were reared in one pen as 
a pilot study. The fish, from Noyo River 
brood stock, were latched and reared 
by CDFG at the Mad River Fish Hatch- 
ery, Arcata, Calif. They were injected 
with vibrio vaccine when they were 
nose-tagged at the hatchery. They were 
delivered to the Tiburon Laboratory and 
placed in a floating pen on 10 July 1974 
at an average size of 15 g. 

Observed mortalities in this group of 
fish during pen rearing were 2,845, of 
which about 10 percent were found on 
the surface. The release of an estimated 
4,000 fish revealed an inventory discrep- 
ancy of 3,000 fish. The problem of 
unaccountable inventory losses was also 
prevalent in each succeeding rearing 
throughout the later years, and has been 
reported by other workers who have 
reared salmon in pens’. 


Group 2, 1975 


This group of coho salmon was ob- 
tained from a commercial salmon 
grower in Washington. They had already 
been injection-immunized for vibriosis. 
On 1 August, 40,000 fish were delivered 
to Tiburon and placed in one net pen. 

For several days, the salmon were fed 
a mixture of OMP and dry pellet feed 


3A. Novotny, NMFS Northwest and Alaska Fish- 
eries Center, Seattle, Wash. Personal commun. 
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sprayed with fish oil. After this adjust- 
ment period, they were fed a straight 
diet of dry pellets. As the salmon grew, 
they were transferred to other net pens 
until they were about equally divided 
among four pens. This group experi- 
enced fewer problems and greater sur- 
vival during rearing than any other 
group. On 24 November, the 30,320 fish 
remaining were released; 7,631 of these 
were tagged. 


Group 3, 1976 


Yearling coho salmon were the first 
of two groups reared in 1976. Because 
the fish were delivered on short notice, 
the pens and nets were not ready; how- 
ever, two above-ground plastic swim- 
ming pools were available for use. These 
pools were supplied with Bay water by 
a submersible pump. 

On 16 January the salmon were 
delivered and stocked in the two pools. 
One net pen was made ready, and 7,500 
fish were transferred to it on 4 February. 
That night the pump supplying the pools 
failed and the 22,000 fish still in the 
pools suffocated by the next morning. 

The salmon placed in the net pen 
were the largest received during the en- 
tire project and had a large size range 
(20-270 g), as they had never been 
graded during their year of hatchery 
rearing. This presented feeding prob- 
lems due to the dominance of the larger 
fish. 

Pen rearing lasted through March, 
and the fish were released on 31 March. 
Of the 5,700 released, 4,717 had been 
Carlin-tagged the week before. 


Group 4, 1976 


Cohos were not available but 20,250 
fall-run chinook salmon were obtained 
from the CDFG Feather River Hatchery 
in Oroville, Calif. These fish were just 
under | year old, and upon delivery on 
1 October they averaged 34 g. They had 
not been vaccinated against vibriosis. 

On 14 November waves broke the first 
pen loose from its moorings and about 
12,000 salmon escaped before the net 
was repaired and the pen returned to its 
mooring. The remaining fish were 
unharmed. 

This group, the first chinook salmon 
reared in the project, was healthier than 


most others. Size range was small and 
all fish appeared to feed well through- 
out the rearing period. They were hand- 
fed dry pellets four times per day at a 
daily ration of 4 percent of their weight. 
No disease problems were encountered. 
We were impressed by the ease of rear- 
ing and the good growth rate for this 
first group of chinooks, both being con- 
trary to reports that chinook salmon 
were more difficult to rear than cohos. 
On 17 December, after 78 days of rear- 
ing, the surviving 6,900 chinooks were 
released, 2,645 of which were Carlin- 
tagged. 


Group 5, 1977 


These coho salmon from the Mad 
River Hatchery were delivered to Tib- 
uron on 3 March. At delivery, the 
30,800 fish had a mean weight of 23 g 
(range 10-199 g). A high incidence of 
cannibalism was anticipated, and was 
verified by observation. The cohos ap- 
peared to be in poor health at delivery 
and suffered heavy mortality during 
their confinement. At release on 14 July, 
only 3,430 fish remained, of which 
2,417 were Carlin-tagged. 


Group 6, 1977 


This group consisted of coho salmon 
from Toutle River (Washington) brood 
stock reared in fresh water at Aqua Dell 
Farms in Oregon. A total of 28,250 
salmon, averaging 22 g, was delivered 
to Tiburon on 21 July. Initial mortality 
in this group was high: 33.1 percent of 
the number delivered died within the 
first 5 days. 

Freeze-branding and Carlin-tagging 
began on 7 September, about 1% 
months after the fish were introduced 
into the net pen. The number of marked 
fish released was 6,433. These were the 
last coho salmon reared and released 
during the project. 


Group 7, 1978 


Chinook salmon for the 1978 and 1979 
rearings were obtained from fall-run 
Feather River brood stock spawned and 
reared by CDFG at the Feather River 
Hatchery, Oroville, Calif. The first 1978 
group was delivered to Tiburon on 21 
April and consisted of about 100,480 
fish, of which 38,160 were nose-tagged. 


27 





We planned to rear tagged and untagged 
fish in adjacent pens. However, the net 
pen into which the untagged fish were 
being stocked was of a slightly larger 
mesh size which allowed some of the 
fish to escape. After the problem was 
discovered, the remaining untagged fish 
were put into the smaller mesh pen with 
the tagged fish. On the third day after 
delivery, nose-tagged fish averaged 3.5 
g and untagged fish averaged 3.2 g; 
these were the smallest salmon received 
during the project. 

The fish were reared for 53 days and 
the 24,700 remaining after disease mor- 
tality and escape were released on 13 
June. At an average weight of 7.9 g, 
these fish were smaller than those of any 
other release group. Indeed, they were 
smaller at release than the mean size of 
any other group at delivery. 


Group 8, 1978 


The second group of chinook salmon 
in 1978 was composed of 50,000 nose- 
tagged and 50,000 untagged fish, reared 
in separate pens. The nose-tagged fish 
were delivered on 19 June, and the un- 
tagged fish the following day. The same 
problem of fish escaping the pens oc- 
curred with these untagged fish as had 
occurred in the spring delivery; there 
were two distinct size modes of fish, and 
the smaller ones easily passed through 
the net. Weight samples were taken 2 
days after delivery. Nose-tagged fish 
averaged 8.5 g and untagged fish 6.7 g. 

For prophylactic treatment, Terramy- 
cin was administered in the food for 10 
days, starting with the initial feeding. 
When the Terramycin was discontinued 
on 29 June, tagged fish began to die in 
increasing numbers, and heavy mortal- 
ity occurred on 5 July. The dying fish 
exhibited whirling behavior, external le- 
sions, and hemorrhaging fins. 

On 7 July, live samples of tagged and 
untagged fish were examined at the State 
Fish Disease Laboratory. Preliminary 
diagnosis for the tagged fish was vibri- 
osis. No disease organisms were de- 
tected in the untagged fish; however, a 
vitamin deficiency was found. There- 
after, Terramycin and vitamin supple- 
ments were added to the feed. 

The untagged fish suffered a negli- 
gible mortality rate, but many had 
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escaped. On 17 August the net pen with 
untagged fish was inventoried and at 
least 35,000 fish were unaccounted for. 
The counting process killed 25 percent 
of those remaining. Several factors, in 
particular heavy scale loss and high 
water temperature, may have been 
responsible. 

The nose-tagged fish were released on 
26 October. On the release date a tag- 
retention check was performed which 
indicated 98 percent retention of the 
coded-wire nose tag. 

The remaining untagged fish were 
Carlin-tagged 30 October-1 November. 
Only 2,000 of the expected 9,600 were 
present in the net pen. These fish, the 
last to be Carlin-tagged in the project, 
were released on 3 November 1978. 


Group 9, 1979 


In the final rearing experiment, two 
separate groups of chinook salmon were 
used—one reared in net pens as in 
previous years and the other released at 
the pen site upon delivery. Each group 
was nose-tagged. The second group 
served as a control to learn the effects 
of saltwater rearing and delayed release 
on survival. Both groups received iden- 
tical treatment during freshwater resi- 
dence, including immersion vaccination 
against vibriosis. Fish were delivered on 
20-22 August. Average weight of both 
groups at delivery was 14 g. The pen- 
reared group numbered 76,050 fish and 
the release group numbered 24,800. 

Feed rations were maintained at 3 
percent throughout the rearing period, 
and Terramycin and vitamins were 
added at regularly scheduled intervals. 
Sulfamethazine was administered for 5 
days immediately following the removal 
of a few dead fish from two of the net 
pens; however, no epidemic problems 
were encountered as in the previous 
year’s two rearings. 

The fish were released 20-21 Novem- 
ber. The number released, adjusted for 
tag recognition percentages provided by 
CDFG, was 11,223 at an average weight 
of 75 g. The total number released was 
12 percent higher. The adjusted figure 
for the control group was 21,730. The 
adjustment for tag recognition purposes 
is an estimate based on the size of fish, 
the experience of the tagging crew, and 


other factors which might affect tag 
retention and recognition of the adipose- 
fin clip. 


Results and Discussion 
Growth 


The average weight of salmon in all 
groups increased exponentially with 
time during the rearing period. Growth 
curves fit to average weight at delivery 
and release for all nine groups of salmon 
are presented in Figure 4. The mean 
weight of each rearing group (except 3, 
4 and 5) doubled during each 30- to 
32-day period they were in the pens. 

Group 3 cohos, yearling fish de- 
livered in January 1976, grew more 
slowly than any other group. Their 
mean size was large at delivery and the 
size range was extreme. Both factors, 
together with cool winter water temper- 
atures, probably accounted for the slow 
growth. 

Somewhat slower growth was noted 
in Groups 4 and 5 than in the remain- 
ing six groups. For Group 4, the likely 
cause was cool water; for Group 5 the 
range of size at delivery was so extreme 
that the growth curve based on mean 
size was of little significance. 


Tagging Mortality, Tag 
Shedding, and Tag Recognition 


The returning coho salmon from the 
1975 and 1976 releases provided an op- 
portunity to estimate the combined tag 
shedding and tagging mortality of these 
Carlin-tagged fish during their time 
spent at sea. The releases consisted of 
the 1975 fall and 1976 spring Tiburon 
releases, and a 1975 UCSG release 
which had been held at Tiburon for a 
week before transfer to and rearing in 
Tomales Bay. The Tomales Bay salmon 
apparently imprinted to the Tiburon site, 
as returns for this group were recorded 
only at Tiburon. 

The estimation of tagging mortality 
and/or tag shedding involved compar- 
ing numbers of tagged and untagged 
salmon released with the numbers of 
tagged and untagged returning salmon 
captured in a gill net set at the pen site 
in 1976. All returning cohos were as- 
sumed to be returns from the 1975 and 
1976 releases rather than wild stock, as 
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wild cohos were not normally found in 
the San Francisco Bay-Delta system. 
None of the adipose-fin-clipped cohos 
released in 1974 were caught in the gill 
net. The gill net was assumed to be an 
unbiased sampling gear with respect to 
untagged and tagged fish. A f-test was 
used to determine if the length of tagged 
and untagged fish had the same mean. 
Mean length was equal at the 0.01 
significance level so the assumption 
seemed justified. 

Given these circumstances, the per- 
cent tagging mortality and/or tag shed- 
ding while at liberty is: 


[> (a) + (z) Je 
R, R, 
= tagging mortality and/or 
tag shedding, 
number of tagged 
salmon recaptured by 
gill net, 

R, = number of tagged 
salmon released, 

C,, = number of untagged 
salmon recaptured by 
gill net, and 

R, = number of untagged 
salmon released. 


It was not possible to distinguish be- 
tween tag shedding and tagging mortal- 
ity, as only tagged vs. untagged fish were 
discernible after return to the gill net. 
The tagging mortality/tag shedding rates 
in these releases were very high. Only 
20 tagged salmon were among the 159 
caught in the gill net. Of the total of 
43,118 salmon released, 16,552 were 
tagged. This would indicate a tagging 
mortality and/or tag shedding rate of 77 
percent. 

It follows that, in the absence of such 
tagging mortality/tag shedding, 4.3 
times as many tagged fish would have 
been recaptured. This adjustment was 
used in estimating return rates (Table 2). 
An assumption has been made that the 
tagging mortality/tag shedding rates 
were the same for all groups of Carlin- 
tagged fish and has been used in esti- 
mating the percentage of tag recoveries 
for all groups released with Carlin tags. 

In the case of nose-tagged fish, re- 
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Figure 4.—Growth curves for pen-reared salmon by group. 


coveries from the sport and commercial 
ocean catch are made by samplers at 
each port where the fish are landed. 
Total nose-tagged fish returns are then 
estimated by the CDFG by dividing the 
number of actual recoveries by the per- 
centage of the landings sampled. This 
calculation estimates the number of nose 
tags that would be recovered if all the 
landings were censused. 


Our freeze-branding trial produced no 


returns. It can be concluded that the 
marks faded, because Carlin-tagged fish 
that were recaptured from Group 6 
showed no evidence of having been 
freeze-branded. 


Tag Returns 


Tag returns are important because 
they measure the contribution of each 
group to the fishery. Several factors in 
this study make it difficult to analyze the 
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tag return information and therefore to 
draw conclusions from it. There was a 
high degree of variability in the rearing 
experience from year to year. Changes 
in species, brood stock, hatchery, date, 
size, and uniformity of size at delivery 
were usually dictated by factors that 
were beyond the control of the experi- 
menters. Varied environmental condi- 
tions, such as the drought in 1975 and 
1976, not only affected rearing condi- 
tions but also caused some regulatory 
changes (season and size) that may have 
influenced tag return rates. It is also 
likely that the adipose fin clip identi- 
fying nose-tagged fish escaped obser- 
vation in some groups more than others. 
For example, many cohos from Group 
1 were caught by sportfishermen fish- 
ing along the shoreline of the Bay, where 
their catches were not censused. Group 
1 returns therefore are probably under- 
estimated. 

Because a minimum mesh size of 22 
mm was found to be necessary to assure 
adequate circulation and prevent the at- 
tendant problems of fouling and reduc- 
tion of dissolved oxygen, many fish 
escaped soon after delivery and 
throughout the rearing period. Unfor- 
tunately this problem occurred in all the 
batches of nose-tagged fish that were 
received. To whatever extent such fish 
survived after their escape, the return 
rates are overestimated because the pool 
of tagged fish from which recoveries 
were drawn would have been larger than 
the number used to calculate the per- 
centage or rate of recoveries. The 
groups most affected were 8 and 9. 
There also was a mass escape from 
Group 7, but it is unlikely that many of 
these pre-smolt fish survived‘. 

As would be expected from the pre- 
ceding discussion, the tag return rates 
varied greatly from group to group. 
Nonetheless, certain trends appear and 
we believe that despite the various dis- 
similarities and uncertainties from year 
to year, certain conclusions become ap- 
parent from a subjective analysis of the 
tag returns. 

The best return rate was from Group 


“Fred Meyer, California Department of Fish and 
Game, Region 2, Rancho Cordova, Calif. Personal 
commun. 
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Table 3.—Nose-tag retuns from Group 9. 





Subgroup 





Control 


Pen-reared 





Percent of 
release 
(21,730) 


Years 
recovered 


Number 
recovered 


Percent of 
release 
(11,223) 


Percent of 
delivery 
(67,900) 


Number 
recovered 





1980 0 0 
1981 503 2.3 
1982 69 0.3 


Total 572 2.6 


14 0.1 0.0 
1,243 11.1 1.8 
178 1.6 0.3 


1,435 


12.8 21 





4, the first batch of chinooks reared. As 
stated, this group was healthy through- 
out the rearing period. Although more 
than half of the fish escaped, those fish 
had not been tagged and would not af- 
fect the return rate calculation. The 
mean weight at delivery was the second 
largest of all the groups, and the size 
variation was small. Also, these fish 
were reared in the autumn when the 
water temperature was cool. As noted, 
this was one of the groups that grew 
somewhat more slowly than most 
others. Whatever the reason, the tag 
return rate of 23.5 percent (adjusted) 
was four times as good as from any 
other of the externally tagged groups. 

The worst return rate for external tags 
was from Group 5, the first group of 
1977 cohos. Only two tags were re- 
covered, for an adjusted rate of 0.4 per- 
cent. Apparently the extreme size range 
(10-199 g) and poor health at delivery 
were contributing factors. 

The next lowest return rate for Carlin- 
tagged fish was from the second batch 
of 1977 cohos, Group 6. This group suf- 
fered a high initial mortality—about 
one-third—and the fish were much 
handled, having undergone freeze- 
branding as well as Carlin-tagging. 

The Group 7 experiment, which was 
fraught with problems from start to 
finish, produced the lowest return rate 
of nose-tagged fish. The critical factor 
in this group probably was the small size 
of the fish at delivery and release. 

Earlier in this section we suggested 
that nose-tag return rates for Groups 8 
and 9 are overestimated. The release of 
Carlin-tagged fish as well as nose-tagged 
fish in Group 8 provides an opportun- 
ity to gauge the magnitude of the over- 


estimate by comparing the return rates 
for the two types of tags. The 13.3 per- 
cent return rate estimate for the nose 
tags is about 2.25 times as high as the 
5.9 percent return estimate for the 
Carlin tags. This “overestimate factor” 
is subject to some degree of uncertain- 
ty because the Carlin-tagged and nose- 
tagged fish had slightly different histor- 
ies. Nonetheless, it is probably realistic 
to assume that at least as many nose- 
tagged fish escaped and survived as 
were released and counted at the end of 
the rearing period. 

The Group 9 experiment compared 
the return rate from pen-reared fish with 
those from a control group released at 
the pen site at the beginning of the rear- 
ing period. Table 3 summarizes the tag 
recovery data from Group 9. The return 
rate for the control subgroup was 2.6 
percent. The return rate for the pen- 
reared subgroup is given first as a per- 
centage of the fish that were counted out 
of the pen after the rearing period. The 
12.8 percent figure neglects the more 
than 55,000 fish (adjusted for tag recog- 
nition) that were not accounted for in the 
release, most of which escaped. The 
second tag recovery rate is given as a 
percentage of all the fish that were de- 
livered to the pens for rearing. Even 
though only one-sixth of the fish that 
were delivered for pen rearing were ac- 
tually pen-reared, the 2.1 percent return 
in this comparison suggests that pen 
rearing was not advantageous. 


Cost Effectiveness 
of Pen Rearing 


One problem with the preceding 
analysis of tag returns from Group 9 
deliveries of chinook salmon is that the 
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Table 4.—Annual pen-rearing costs for 40,000 fish for 
3 months; labor = $50/worker-day. 





Cost (dollars) 
Item 


Nets and pens 
amortized at 12% over 10 years 
maintenance and repair $1,800 
Medications 800 300 
Feed 3,000 4,500 
Miscellaneous supplies 1,700 


Materials Labor 





$2,650 
400 


$8,550 


Subtotal $6,600 


Grand total, materials and tabor $15,150 





experience with Group 9 was not a best- 
case episode. The fact that a 23.5 per- 
cent return of tagged fish was achieved 
once suggests that under a certain set of 
circumstances pen rearing might be a 
cost-effective management technique for 
augmenting ocean harvest. 

Critical to determining the benefits of 
pen rearing is the cost involved—specif- 
ically, the cost in producing the incre- 
mental increase in returns that can be 
attributed to the pen rearing. To deal 
with this question, it is necessary first 
to accept a return rate that might be ex- 
pected from fish released directly into 
San Francisco Bay, as was the control 
portion of Group 9. Recent CDFG 
studies have led to their adopting a 
policy of releasing chinook smolts 
(45/pound or 10 g/fish), instead of year- 
lings, directly into San Francisco Bay. 
Return rates have been as good or bet- 
ter (up to 4 percent) than for yearlings 
and cost per fish is lower+ 

If we assume a cost of $0,06/fish to 
rear salmon to 45 fish/pound (an ap- 
proximation using data from McCor- 
mack et al., 1984, which does not in- 
clude an amortization of capital costs) 
and a 4 percent return, then each fish 
caught represents an operational invest- 
ment of $1.50. 

The annual costs of pen rearing 
40,000 fish for 3 months are shown in 
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Table 4. Capital expenditures are amor- 
tized over 10 years at 12 percent interest, 
and labor costs valued at $50 per 
worker-day. If we assume that good pen- 
rearing techniques will bring about an 
ocean harvest of 25 percent of those fish 
released, then the cost of adding 10,000 
fish to the catch would be $15,150, or 
roughly $1.50 for each fish. This cost 
does not include fixed costs, lease fees, 
management salary, or the cost of hatch- 
ing and rearing the 40,000 fish to the 
size at which they would be introduced 
into the pens. 

The objective of establishing a sport 
fishery for coho inside the Bay was best 
met by Group 1. Sufficient numbers 
returned to and remained in the vicin- 
ity of the rearing site that a fairly exten- 
sive fishing effort developed. The local 
fishery was less evident in subsequent 
rearings, possibly because we were no 
longer able to obtain fish from the Noyo 
River brood stock. Further testing with 
Noyo River fish would be required to 
determine if a sport fishery for coho 
could be consistently established inside 
San Francisco Bay. 


Summary 


Our successful experience with the 
Group 4 chinooks demonstrated that pen 
rearing is, indeed, possible in San Fran- 
cisco Bay, and that chinook salmon have 
excellent potential for the various forms 
of net-pen salmon ranching. On the 
other hand, we know that the hatchery 
production cost of 40,000 fish that can 
be either directly released or released 
after pen rearing is roughly $2,400. If 
we assume that the respective return 
rates for the two procedures would be 
4 and 25 percent, then we can choose 
between getting 1,600 returns at a cost 
of $2,400, or an additional 8,400 returns 
for an additional cost of $15,050. The 
additional cost per additional return 
then, is about $1.80 for each fish. To the 
extent that our assumed return rates are 
valid, this project did not demonstrate 


that pen rearing would be a cost-effec- 
tive management technique for adding 
to the ocean harvest in California. How- 
ever, cost efficiency probably would im- 
prove if the project were scaled up. 
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Impact of U.S. Wholesale Demand for Canned Sardines on 
Market Accessibility of Potential Gulf of Mexico Products 


Introduction 


Exploitable populations of small pel- 
agic fishes occur in the northern Gulf 
of Mexico. Of these, coastal herrings, 
generally of the family Clupeidae, are 
dominant, including the Spanish sar- 
dine, Sardinella aurita; Atlantic thread 
herring, Opisthonema oglinum; round 
herring, Etrumeus teres; and scaled sar- 
dine, Harengula jaguana. Also exploit- 
able is the anchovy, Anchoa spp., 
several species of scad, Decapturas 
spp., and the Atlantic bumper, Chloro- 
scombrus chrysurus. 

Use of these pelagic fishes is now 
minimal, with the exception of Gulf 
menhaden, Brevoortia patronus. Reint- 
jes! has reported that several of these 
species can support larger fisheries than 
are being conducted. There was a 
temporary industrial fishery for thread 
herring near Fort Myers, Fla., in the 
late 1960’s which shut down with a ban 


'Reintjes, J. W. 1979. A review of clupeoid and 
carangid fishery resources in the Western Central 
Atlantic. Food Agric. Organ., U.N., WECAF 
study, 30 p. 





ABSTRACT—Significant resources of small 
fish, which are potentially marketable in the 
form of canned sardines, are available from 
Gulf of Mexico waters. To determine the 
potential for entry into the established U.S. 
canned sardine market, three product 
groups, which comprise the market, are 
analyzed at the wholesale level to determine 
their demand characteristics. Results in- 
dicate that opportunities for entry exist, 
especially for products that are similar to im- 
ports in terms of package and quality. 
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on purse seining (Kinnear and Fuss, 
1971). The Food and Fiber Institute at 
Mississippi State University and the Na- 
tional Marine Fisheries Service have ex- 
perimented with curing, canning, and 
smoking of several of these species of 
fish for human consumption. Perkins? 
indicated that a number of products 
were suitable for the marketplace, 
especially the canned Spanish sardine. 

Canning is an accepted utilization 
method for small pelagics. The entire 
U.S. production of canned sardines is 
concentrated in Maine and utilizes im- 
mature Atlantic herring, Clupea haren- 
gus harengus. In 1980, 86 percent of the 
Maine product was packed in soy oil. 
The major sources for imported sar- 
dines are Norway, Peru, Portugal, 
Japan, and Canada (in order of impor- 
tance), with a high concentration of 
Peruvian and Norwegian imports. The 
majority of Norwegian and Canadian 
imports utilize immature Atlantic her- 
ring, while other countries utilize the 
pilchard or sardine. 

The traditional Maine pack consists 
of one layer of medium to large sardines 
in soy oil, though there has been some 
diversification of pack medium in recent 
years, most notably a mustard sauce 
pack. The majority of Maine sardines 
are packed in standard 3% -ounce cans. 

The imports in oil are usually packed 
in brisling, sild, or soy oils. Imports not 


2Perkins, G. B. 1981. Economic assessment of a 
potential sardine fishery in the Gulf of Mexico. 
Rep. Food Fiber Inst., Miss. State Univ., 22 p. 


in oil are usually packed in such media 
as mustard sauce, tomato sauce, brine, 
or cream sauces. There are no standard 
can sizes for imports; sizes range from 
a 125 rectangular Dingley can to a 425 
round no. 1 tall can (Lanier, 1981). 

In this paper we examine the U.S. 
wholesale demand characteristics of 
three sardine groups by independently 
estimating their respective price func- 
tions. An empirical model is used to 
extrapolate pertinent economic informa- 
tion relating to market accessibility for 
potential Gulf of Mexico producers. 

This paper is based on the assump- 
tion that product differentiation exists 
among domestic sardines, imported sar- 
dines in oil, and imported sardines not 
in oil. The price functions are reduced 
form equations that reflect demands 
faced by producers and importers and 
derived from wholesalers. However, we 
have examined demand at one particular 
market level and demand for a given 
good is ultimately derived from the ag- 
gregate of individual consumer demand 
curves. 


Industry Structure 
of Domestic Producers 


All U.S. sardine processors are cur- 
rently located in Maine. A sizeable 
sardine fishery and industry existed in 
California until the catch declined 
dramatically in the early 1960's. In 1973 
California banned all sardine fishing. 

All 14 plants in Maine process most 
of their product in soy oil. Experts on 
the Maine sardine industry and sardine 
processors agree that the annual volume 


3Mention of trade names or commercial firms does 
not imply endorsement by the National Marine 
Fisheries Service, NOAA. 
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of sardine production is a useful 
criterion for classifying the size of a 
plant: A plant which produces <50,000 
cases* can be considered small, a 
medium-sized piant produces 50,000- 
100,000 cases, and a large plant pro- 
duces 2100,000 cases. Using this 
criterion, there were five small plants, 
five medium plants, and four large 
plants operating in Maine in 1980. Al- 
though the distribution of generic plant 
sizes was fairly uniform, the concentra- 
tion of production was not. The four 
largest plants produced 46 percent of the 
total production, while the eight largest 
plants produced 78 percent of total 
production. 

Hu et al.> discovered that the average 
cost of producing a case of sardines was 
about $4.50 higher for a small plant 
than for a large plant owing to higher 
unit costs for fish and cans. In fact, in 
some instances small plants were sell- 
ing their product at a price less than 
their total cost per unit®. 


Market Characteristics of 
Canned Sardine Imports 


In 1979 the import market was about 
evenly divided between oil-packed sar- 
dines and other packs. Oil packs were 
supplied mainly by Norway (47 per- 
cent), Canada (14 percent), Portugal (15 
percent), Yugoslavia (9 percent), and 
Spain (5 percent) (Lanier, 1981). Other 
packs, predominantly tomato sauce, 
were supplied by Peru (45 percent), 
Norway (22 percent), Japan (13 per- 
cent), and Mexico (12 percent) (Lanier, 
1981). From 1961 to 1977, South Africa 
and Namibia dominated the not-in-oil 
pack, averaging about 50 percent of the 
import total. However, their resource 
was over-exploited and exports shrank 
to minimal levels. This enabled Peru to 
emerge quickly as the leading supplier 
of the not-in-oil pack to the United 
States. 


4One case = 23.4 pounds net. 

5Hu, T. W., D. M. Dressel, and D. R. Whitaker. 
1983. The Maine sardine industry. Saltonstall- 
Kennedy Rep. 83-9-WO, 39 p. Dep. Econ., Penn. 
State Univ., University Park. 

‘If variable cost per unit is less than selling price 
per unit, it is advantageous for the firm to keep 
producing because it can cover a portion of its 
fixed cost at least in the short run. Total cost = 
fixed cost plus variable cost. 
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Table 1.—Canned sardine prices in actual cents per 
pound at the pre-wholesale level (USDOC, 1976-83; 
1961-75). 





Imports 
Not in oil 








12.36 
14.30 
15.72 
15.70 
15.43 
16.16 
17.29 
18.43 
21.05 
27.53 


33.34 





Table 2.—Variable Specification. 





Notation Specification 





PM Average annual price of canned Maine sar- 
dines paid by wholesalers in cents per pound. 

PO Average annual price of imported sardines in 
oil paid by wholesalers in cents per pound. 

PNO Average annual price of imported sardines not 

in oil paid by wholesalers in cents per pound. 

QM Annual per capital quantities of the Maine pack 
demanded by wholesalers in pounds. 

Qo Annual per capita quantities of imports in oil 
demanded by wholesalers in pounds. 

QNO Annual per capita quantities of imports not in 

oil demanded by wholesalers in pounds. 

PT Average annual price of canned tuna paid by 
wholesalers in cents per pound. 

PS Average annual price of canned salmon paid 
by wholesalers in cents per pound. 

Y Per capita gross disposal income. 





Market Structure and 
Price Analysis 


Canned Maine sardines are general- 
ly marketed through brokers in metro- 
politan areas, while imported sardines 
are generally marketed through whole- 


PM = 


PO = 


PNO = 


salers. For ease of analysis we will 
assume that brokers and wholesalers 
together constitute the wholesale sector 
of the canned sardine market. 

Import prices tend to be lower than 
domestic prices at the pre-wholesale 
level (Table 1) and higher at the retail 
level. Hu et al.> stated that this differ- 
ence is due partly to an ad valorum tax 
(not reflected in pre-wholesale prices), 
but mostly to a perception of higher 
quality for the imports. Small sardines 
in oil command a higher price than 
medium/large sardines in oil. This price 
differential is attributable to a percep- 
tion of higher quality for the small sar- 
dine. The not-in-oil pack is priced con- 
siderably lower than the oil pack at the 
pre-wholesale level, ranging from 32 
percent of the oil pack in 1961 to 56 per- 
cent in 1983. 


Economic Model of 
Wholesale Demand 


The model presented here establishes 
the nature of demand for canned sar- 
dines as derived from wholesalers. The 
rationale for observing this market seg- 
ment is that this is the set of demand 
curves new producers would face as they 
try to enter the existing market for 
canned sardines. 

The applicability of this model is two- 
fold: 1) It can be used as a policy- 
making tool that allows institutions to 
measure the effects of public policy 
decisions (e.g., taxes, tariffs, quotas, 
etc.) on sales revenues, tax revenues, 
and general measures of consumer and 
producer surpluses, and 2) it can pro- 
vide general indications of the ability of 
new firms to enter existing markets by 
examining price flexibilities in regard to 
demand. 

To determine the demand charac- 
teristics of the pre-wholesale market, 
three functional form equations were 
specified: 


f (-—QM, +PT, +PS, +PO, +PNO, +Y) 
f (-—QO, +PT, +PS, +PM, +PNO, +Y) 
f (-QNO, +PT, +PS, +PM, +PO, +Y) 

In specifying the equations (Table 2) 


we assumed that the pre-wholesale 
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prices were endogenous variables deter- 
mined by the market system. We further 
assumed that the inverse demand func- 
tion, where price is a function of quan- 
tity demanded, was applicable, similar 
to the case of price dependent agricul- 
tural commodities (Tweeten, 1975). In 
general, the supplies of canned sardines 
are assumed to be primarily determined 
by abundance of fish stocks and thereby 
are assumed to be predetermined. The 
model utilizes 23 years of annualized 
data, 1961-83 inclusive. 

The model is general in scope and is 
limited to product groups, not individual 
products; e.g., two-layered Norwegian 
sardines packed in brisling oil are in- 
cluded with one-layered Canadian sar- 
dines packed in soy oil. Data limitations 
prevented separation of the Maine pack 
into oil and not-in-oil packs. Since the 
Maine pack has been predominantly 
packed in oil, we would expect it to be 
more like the oil pack as opposed to the 
not-in-oil pack vis-a-vis its demand 
characteristics. The estimation of quan- 
tity-dependent demand equations to 
measure wholesale demand was also 
considered in our research. Preliminary 
results indicated that producers and im- 
porters did not react to predetermined 
prices by adjusting their inventories and/ 
or production as evidenced by the in- 
ability of exogenous variables to ade- 
quately explain variations in quantities 
demanded. 


Exogenous Variables and 
Apparent Economic Relationships 


The exogenous variables that are as- 
sumed to have a causal effect on pre- 
wholesale prices are per capita quan- 
tities demanded at the wholesale level, 
real prices of substitute goods at the pre- 
wholesale level, and real disposable 
income per capita. Quantities demanded 
are deflated by population size to pre- 


7Inferiority and normality are descriptive of the 
income elasticity of demand for a good. It is possi- 
ble that a good will be inferior for one consumer 
and superior for another consumer. A good that 
is income inferior exhibits a proportional decline 
in consumption as consumptive income increases. 
Conversely, a normal good exhibits a proportional 
increase in consumption as consumptive income 
increases. 

= — (*) indicates significance at the 0.10 
evel. 
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Table 3.—Per capita demand for canned sardines in 


pounds (USDOC, 1976-83; 1962-75). 





Imports 


Not in 
oil 


Table 4.—Canned sardine prices in deflated 
cents per at the pre-wholesale level 
(USDOC, 1976-83; 1961-75). 





Imports 


Domestic Not in oil In oil 





0.079 
0.109 
0.114 
0.128 
0.121 
0.173 


SLSERRRSEVEBSERK 


SBR 


SSSELSSRSSERVBISNRBSBSENSS Fs 
R 


SYSSISSRSRSSESSESRNVSSRKB |S 


i] 
a 





17.83 
20.25 
21.93 
21.57 
20.76 
21.06 
21.87 
22.33 
24.25 


55.54 
58.14 
67.22 
65.70 
63.96 
63.67 
58.79 





clude demographic effects (Table 3). 
Prices are deflated by the GNP implicit 
price deflator to preclude inflationary 
effects (Table 4). 

In theory, we would expect quantity- 
price relationships to be negative, price 
of substitutes-price relationships to be 
positive, and income-price relationships 
to be positive for normal goods and 
negative for inferior goods’. 

Preliminary plots suggested a lack of 
linear relationships, and therefore vari- 
ables were transformed into natural logs 
before the price functions were esti- 
mated. The log-log form yields esti- 
mated coefficients that are price flex- 
ibilities or a percentage change in price 





caused by a 1 percent change in an ex- 
ogenous variable. 


Hypotheses 


The following hypotheses were tested 
in the null form: 

1) The exogenous variables indepen- 
dently have no causal effect on the en- 
dogenous variable (two-tailed t-test), 

2) the exogenous variables collective- 
ly have no causal effect on the en- 
dogenous variable (f-test), and 

3) there is no autocorrelation present 
in the model (Durbin-Watson test). 

The t-tests and f-tests were tested at 
the 0.10 significance level®, and the 
Durbin-Watson statistic was tested at the 
0.01 significance level. The estimated 
structural equations (in natural loga- 
rithms) are: 


— 6.09 + 0.030 OM + 0.310 PO + 0.142 PNO 


(0.35) 


(1.47) (0.92) 


+ 0.064 PS + 0.068 PT + 0.973 Y 


(0.42) 
d = 2.41 


(0.30) (3.58) 


Feo = 18.14 R = 81.6 


3.36 — 0.369°QO — 0.066 PNO + 0.184 PM 


(-8.51) 


(—0.88) (1.61) 


+ 0.145"PS + 0.561 PT — 0.461 Y 


(1.95) 
d = 1.87 


(5.12)  (—3.06) 
Fei, = 20.97 Re = 84.5 
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PNO = — 9.90 — 0.285 QNO + 0.357 PO + 0.128 PM 
(—3.29) (1.21) (0.42) 
+ 0.222 PS + 0.398 PT + 0.926 Y 
(1.49) (1.59) (2.49) 


of —2.710. This means that a | percent 
increase in quantity demanded will 
cause a decrease in price of 0.369 per- 
cent. When price flexibility of demand 


Feo, = 18:55 


d = 1.49 


Test Results 


1) The null hypothesis that states ex- 
ogenous variables independently have 
no causal effect on the endogenous vari- 
able is accepted for all variables in equa- 
tions (1), (2), and (3) which are not 
significant at the 0.10 level. 

2) The null hypothesis that states the 
exogenous variables collectively have no 
causal effect on the endogenous variable 
is not accepted for each equation. 

3) The null hypothesis that states 
there is no autocorrelation present in the 
model is accepted for each equation. 


Interpretations 


Price Function 
for Maine Sardines 


All signs of estimated coefficients are 
consistent with economic theory with 
the exception of quantities demanded 
which is positive but statistically insig- 
nificant. The equation says that quan- 
tity demanded has no significant effect 
on price and income has a significantly 
positive effect on price. The equation of- 
fers an explanation of the variance of 
price over time (R? = 81.6), and the 
overall equation is significant (Fratio). 
This equation may be used to forecast 
Maine sardine prices, but it does not 
give us an indication of the ability of 
new firms to enter the canned sardine 
market and compete with the Maine 
sardine. To measure the impact of in- 
creased supplies on total revenues 
accruing to this product group, a sig- 
nificant measure of price flexibility 
with respect to quantity demanded is 
required. 

The equation says that prices are not 
determined by wholesale market de- 
mand; i.e., there is no significant rela- 
tionship between price and quantity 
changes. Maine producers are price- 
makers at this market level, not price- 
takers, and there is an absence of inter- 
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R = 827 


action among Maine sardine brokers 
and imported sardine wholesalers. 
We cannot interpret the positive in- 
come effect on price as meaning Maine 
sardines are an income normal good; 
e.g., increases in income levels will in- 
crease quantities demanded. To this 
end, the following quantity-dependent 
demand equation was estimated: 


is less than one, as in this instance, an 
increase in quantities supplied to the 
market will yield an increase in total 
sales revenues (price X quantity) to the 
sum of the firms competing in the 
market. 

Salmon and tuna are significant but 
weak substitutes for imported sardines 
in oil. A 1 percent increase in the price 
of salmon will cause an increase in the 
price of imported sardines in oil of 0.145 
percent; a 1 percent increase in the price 


QM = 9.10 + 0.250 PM + 0.338 PO — 0.153 PNO 


(0.35) 


+ 0.918 PT — 2.63 Y 
(1.51)  (—2.19) 


d = 2.27 F16 = 4.03 


(0.53) 


This quantity-dependent equation says 
that Maine sardines are income inferior 
products; i.e., a 1 percent increase in 
real disposable income will cause a 
decrease in quantity demanded of 2.03 
percent. 


Price Function 
for Imports in Oil 


All signs of estimated coefficients are 
consistent with economic theory with 
the exception of price of imports not in 
oil which is negative and statistically in- 
significant. The overall equation is sig- 
nificant, and a high level of variation in 
price is explained by the exogenous 
variables (R? = 84.5). 

A price flexibility of demand (per- 
centage change in price caused by a 1 
percent change in quantity demanded) 
of less than one (ignoring the negative 
sign) implies a price elastic demand. In 
general, the reciprocal of price flexibil- 


ity with respect to quantity is equal to - 


the true value of price elasticity of de- 
mand only if the cross-price flexibilities 
are zero (Meinken et al., 1956). The 
price flexibility with respect to demand 
for imported sardines in oil is —0.369 
and implies a price elasticity of demand 


(—0.33) 


R? = 45.2 


of tuna will cause a 0.561 percent in- 
crease in the price of imported sardines 
in oil. 

Price flexibility with respect to in- 
come is negative for imported sardines 
in oil at —0.461. This means a | per- 
cent increase in income will cause a 
decrease of —0.461 percent in price. 
When this estimated coefficient is 
negative it infers that the product is an 
income inferior good. 


Price Function for 
Imports Not in Oil 


All signs of estimated coefficients are 
consistent with economic theory. The 
overall equation is significant, and the 
level of correlation is high at R? = 
82.7. 

The price flexibility of the product 
with respect to quantity is measured at 
—0.289, which implies an elasticity of 
—3.460. As for imported sardines in oil, 
further quantities added to the market 
will increase gross revenues to the sum 
of the firms in the market. In fact, a 
lower price flexibility and higher de- 
mand elasticity will enable this product 
group to increase its total revenues at a 
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faster rate than in-oil sardine group. 

Price flexibility with respect to in- 
come is positive at 0.926 for the not-in- 
oil pack, meaning that a 1 percent 
increase in the level of real income per 
capita will cause the price of imported 
sardines not in oil to increase 0.926 per- 
cent. In general, when this measure of 
price flexibility is positive, the product 
is regarded as income normal. 


Summary and Conclusions 


Clearly, stock sizes of several coastal 
herrings in the northern Gulf of Mex- 
ico can support larger fisheries, and an 
accepted method of utilizing small 
pelagics is by canning. If a decision is 
made to can these fish, there may be op- 
portunities for entrance into the U.S. 
canned sardine market. There are two 
distinct segments of the canned sardine 
market which are not interdependent: 
The domestic Maine sardine segment 
and the imported sardine segment. 

The domestic segment exhibits non- 
competitive price determination where 
prices and quantities are not related. 
The imported segment exhibits com- 
petitive pricing which is determined in 


the marketplace and derived from con- 
sumer demand. 

The ability for Gulf of Mexico pro- 
ducers to compete in the market with a 
product similar to the Maine pack will 


depend solely on arrangements between 
themselves and wholesalers. It is ques- 
tionable whether Gulf producers can 
successfully compete with Maine pro- 
ducers, given the large quantities and 
unpredictable prices indicative of the 
Maine pack. Gulf producers would most 
likely have to approximate the scale of 
plant of the large Maine producers to be 
sufficiently cost-effective to enter the 
market with this type of product. Fur- 
thermore, domestic brokers may be 
reluctant to respond to lower price of- 
ferings, should they occur, because Gulf 
producers still have to prove that they 
could meet broker supply requirements. 

Regression results for the estimation 
of demand for imported sardines in- 
dicate that the market may be receptive 
to the entry of products that are similar 
to imports. Both product groups in the 
import segment exhibit elastic demand, 
which results in increased gross 
revenues to the sum of the firms com- 
peting as more quantities of goods are 
sold. Entry into this segment of the 
market depends highly on product qual- 
ity or perception of quality. 

There are several ways to market a 
quality pack; e.g., wrapping the can in 
paper, using premium names/labels, 
packing in different can sizes and 
shapes. The production of two-layered 
packs using small fishes, if available, 


would be preferred over the one-layer 
pack, since a higher quality is attached 
to the smaller sardines. Typical oil pack 
prices respond negatively to increases 
in income, while the prices of the typical 
not-in-oil pack respond positively. Thus, 
we conclude that Gulf canned sardine 
production should be oriented toward a 
not-in-oil pack, especially for the one- 
layered product. 
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NOAA/NMFS Developments 


DOC Medal and NOAA 
Award Winners Announced 


The U.S. Department of Commerce 
(DOC) presented its top awards, the 
Gold and Silver Medals, to outstanding 
employees in ceremonies late last year 
at the Department’s 37th annual honors 
awards program. Commerce Secretary 
Malcolm Baldridge thanked the medal- 
ists for their hard work and acknowl- 
edged ‘‘the hundreds and thousands of 
others in the department who show a 
similar dedication.” 

NOAA employees earning the Gold 
Medal were Donald W. Beran, Office 
of Oceanic and Atmospheric Research; 
Clyde C. Goad, National Ocean Ser- 
vice; and Samuel G. H. Philander, En- 
vironmental Research Laboratories, for 
his studies on the El Nifio-Southern 
Oscillation phenomenon. 


NMES Medal Winners 


Several NMFS employees were pre- 
sented with the Department’s Silver 
Medal, the second highest honorary 
award, for meritorious contributions of 
unusual value to the department or the 
nation. Jointly receiving the Silver 
Medal for outstanding achievement in 
preparing and editing a major publica- 
tion on the early life history of fishes 
were H. Geoffrey Moser, William J. 
Richards, Michael P. Fahay, and Arthur 
W. Kendall, Jr. Their book, “Ontogeny 
and Systematics of Fishes,” has been 
heralded by scientists as an important 
literary accomplishment in the area of 
the early life history of fishes. It in- 
cludes 83 chapters on the development, 
classification, and natural relationships 
among various marine and freshwater 
fishes written by 74 scientists from 10 
foreign countries. 

The publication also provides infor- 
mation on current techniques being used 
to identify and culture eggs and larvae 
as well as on the study of fish in their 
juvenile stages for recruiting and assess- 
ing fish stocks. Moser is with the NMFS 
Southwest Fisheries Center in La Jolla, 
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Calif.; Richards is with the Southeast 
Fisheries Center in Miami, Fla.; Fahay 
is with the Northeast Fisheries Center 
in Woods Hole, Mass.; and Kendall is 
with the Northwest and Alaska Fisheries 
Center in Seattle, Wash. 

Carmen Blondin, of Fort Washington, 
Md., was also awarded the agency’s 
Silver Medal for directing international 
negotiating teams representing the 
United States in protecting marine mam- 
mals, including endangered species, for 
the National Marine Fisheries Service. 
Thanks to his efforts, the United States 
has reached separate agreements with 
Canada and other foreign countries to 
jointly manage and restore the salmon 
resources in the Atlantic and Pacific 
Oceans. Moreover, he helped negotiate 
an accord with Canada and Japan to 
limit the bluefin tuna quota in the 
western Atlantic to increase the fish 
supply. Blondin was also cited for his 
efforts in administering Federal law pro- 
tecting fishery resources within the U.S. 
200-mile conservation zone and pro- 
moting projects to aid the U.S. fishing 
industry. 

Under his direction, the NMFS effec- 
tively implemented the American Fish- 
eries Promotion Act of 1980 requiring 
foreign nations to promote the develop- 
ment of the U.S. fishing industry in 
return for allocations of U.S. fishery 
resources. His agreements have also 
helped increase joint venture purchases 
and improve export markets for U.S. 
fish processors. Blondin, Deputy Assis- 
tant Administrator for Fisheries Re- 
source Management, has been employed 
by the NMFS since 1978, and also re- 
ceived the Silver Medal in 1982. 


NOAA Awards 


Harvey Hutchings and Robert Pearce 
of NOAA's National Marine Fisheries 
Service (NMFS) received NOAA's high- 
est award late last year. Hutchings was 
cited for improving the management of 


ocean salmon fisheries off the U.S. West 
Coast, and Pearce was cited for his con- 
tribution to preserving the fishery re- 
sources along the Columbia River and 
its tributaries. 

Hutchings was presented the NOAA 
award for his key role in coordinating 
a west coast data system among the 
NMFS and three state fishery agencies 
and using it to develop a regional man- 
agement plan for Pacific salmon fish- 
eries. He established a regional plan 
allowing more flexibility and quicker 
implementation of regulations before 
and during fishing seasons to meet 
changing fishery conditions, resulting in 
reduced cost and better management. 

In addition, Hutchings coordinated a 
data system among fishery agencies in 
Washington, Oregon, and California 
where statistics on salmon catches were 
compiled, sent by computer to the 
Pacific Marine Fisheries Commission 
and published monthly for use in devel- 
oping coastwide fishing patterns. Since 
1978, changes in fishing seasons and 
boundaries, gear requirements, quotas, 
and bag limits had often been delayed 
because the necessary information on 
salmon harvests was not always avail- 
able. Hutchings, of Woodinville, Wash. , 
is Chief of the Fishery Management 
Division in the NMFS Northwest Re- 
gional Office, Seattle, Wash., and has 
been employed with the Fisheries Ser- 
vice since 1964. 

Pearce, a hydraulic engineer also with 
the NMFS Northwest Regional Office, 
but who is located in Portland, Oreg., 
was presented the NOAA award for 
designing devices that protect the 
salmon and steelhead supply at several 
hydroelectric plants along the Colum- 
bia and Snake Rivers and in the Yakima 
River basin. 

Each year the fish migrate upstream 
to spawn and later the juveniles move 
back downstream to the Pacific Ocean. 
Many, however, were drawn into irriga- 
tion canals and power dams and were 
harmed or lost. The devices allow the 
fish to circumvent these structures. 
Because of his effort, the harvestable 
supply of salmon and steelhead has been 
preserved in the Upper Columbia basin. 
Pearce, who lives in Portland, joined the 
Fisheries Service in 1973. 





U.S. 1985 Fish Landings 
Slightly Down, Consumption Up 


U.S. fishermen landed 6.3 billion 
pounds of fish and shellfish last year, 
valued at more than $2.3 billion, the 
National Oceanic and Atmospheric Ad- 
ministration (NOAA) has announced. 
Landings fell slightly from the 1984 total 
of 6.4 billion pounds worth just over 
$2.4 billion, according to the Com- 
merce Department agency. 

Harvests by American fishermen who 
landed their catches at ports outside the 
50 states or sold their fish at sea in joint 
venture operations increased almost 600 
million pounds to 2.4 billion pounds, 
valued at $277 million. Despite this 32 
percent catch increase, the value of the 
fish decreased by $11 million in value 
compared with 1984. 

Most of the non-joint-venture catches 
consisted of tuna landed at canneries in 
Puerto Rico. Of the 6.3 billion pounds 
landed last year, 3.3 billion pounds was 
edible fish and shellfish, unchanged 
from 1984. Flounder and tuna harvests 
fell during the period, but were gener- 
ally offset by strong showings of clams, 
Alaska pollock, shrimp, and Pacific 
salmon. The remaining 3 billion pounds 
—a drop of 5 percent from 1984—con- 
sisted of fish used for industrial pur- 
poses, mostly menhaden. The record 
year was 1980, when U.S. landings 
totalled 6.5 billion pounds. 


Record Consumption 


Americans ate a record amount of 
seafood in 1985 for the second consecu- 
tive year, however, NOAA's National 
Marine Fisheries Service (NMFS) 
reported. Altogether they consumed 
14.5 pounds apiece, nearly 1 pound over 
the 1984 mark of 13.7. Since the end of 
World War II, the agency said, Am- 
ericans have steadily increased their fish 
and shellfish consumption from slight- 
ly under 10 pounds annually to the cur- 
rent rate. Recreational fishermen put 
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another 3-4 pounds of fish on the 
average American’s plate each year. 
The trend, says the NMFS, reflects 
several changes in the U.S. seafood 
market: Increased availability and vari- 
ety of fish at restaurants and super- 
markets; higher consumer income; 
cheaper fish imports; and more fitness- 
conscious people, some of whom con- 
sider fish healthier than red meat. 


Table 1.—Middle Atlantic fish landings by state, 1984-85. 





Landings 





1984 1985 





Million 
pounds 


Million 
dollars 


Million 
pounds 


Million 


State dollars 





Virginia 606 84 723 77 
New Jersey 112 68 107 61 
Maryland 91 55 92 47 
New York 40 39 38 
Delaware 2 5 2 
Pennsylvariis <0.5 <0.5 


Total 966 225 





Table 2.—Middle Atlantic fish landings major port, 
1984-85". 





Landings 





1984 1985 





Port 
and Million 
state 


Million Million —_— Million 
pounds dollars pounds dollars 





Cape May-Wild- 
wood, N.J. 28 30 18 
Hampton Roads 
area, Va. 30 24 25 
Atlantic City, 
N.J. 14 
Ocean City, Md. 11 
Point Pleasant, 
NJ. 6 
Chincoteague, 
Va. 5 
Cape Charles- 
Oyster, Va. 
Hampton Bays, 
N.Y. 5 
Montauk, N.Y. 11 
Greenport, N.Y. 5 6 <5 <3 





‘Owing to the Federal Privacy Act, landings at major ports 
are not included if there are less than three processors at 
those ports (i.e., Reedville, Va.). 


Other factors include changing cul- 
tural and demographic aspects of Amer- 
ican life. Growing numbers of working 
women help to account for the increase 
in meals—frequently seafood—eaten 
away from home. The figures reflect the 
consumption of edible meat, rather than 
the weight of the whole fish, the NMFS 
added. 


FCZ Catch Record 


U.S. fishermen last year harvested a 
record 3.2 billion pounds, or 59 percent 
of the combined foreign domestic catch, 
within the 200-mile U.S. Fishery Con- 
servation Zone (FCZ), the NMFS re- 
ports. While the U.S. harvest increased 
9 percent, foreign countries took only 
2.6 billion pounds, 14 percent less than 
in 1984 and 21 percent below the aver- 
age for the preceding 5 years. 

In the years following establishment 
of the FCZ in 1977, U.S. fishermen were 
harvesting only about one-third of the 
total catch there, according to NMFS 


Table 3.—Middle Atlantic landings of major species, 
1984-85. 





Landings 





1984 1985 





Million Million Million Million 
Species pounds dollars pounds dollars 
Hard blue 
crabs 98 28 
Surf clams 62 31 
Ocean quahogs 36 11 
Summer flounder 





(fluke) 19 12 
Silver hake 

(whiting) 13 3 
Squids 18 4 
Am. oysters 14 32 
Weakfish (gray 

sea trout) 4 3 
Sea scallops 6 32 
Scup 8 4 





Table 4.—New England fish landings by state, 1984-85. 





Landings 





1985 





Million 
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figures. Joint venture harvests by Amer- 
icans, who sell their catch at sea to 
foreign processing vessels, showed a 
large increase in 1985. Last year U.S. 
fishermen sold a record 2 billion pounds 
of fish, worth $104.3 million, to foreign 
vessels. That was a 37 percent increase 
over 1984 joint venture sales of 1.5 
billion pounds, worth $79 million. 
Alaskan waters supplied most of the 
foreign-caught fish—about 92 percent. 
Waters off California, Oregon, and 
Washington contributed slightly more 
than 4 percent, with the remainder com- 
ing from the North Atlantic. Alaska 
pollock accounted for 73 percent of the 
foreign catch, Pacific flounder 13 per- 
cent, Pacific cod 5 percent, and other 
fish and shellfish the balance. Japan 
continued to be the leading foreign 
harvester, catching 1.8 billion pounds 
(mostly pollock), or 69 percent of the 
total foreign catch. South Korea, with 


Table 5.—New England fish landings by major port, 
1984-85. 





Landings 





1985 





Million 
Port pounds 
Rockland, Me. 
Portland, Me. 
Glouc., Mass. 
Boston, Mass. 
N. Bedford, Mass. 
Newport, R.1. 
Pt. Judith, R.1. 





57.8 
35.9 
115.6 
19.2 
90.6 
16.8 
56.8 


37.0 
179.1 
20.2 
99.5 
20.8 
69.9 





Table 6.—New England fish landings by major species, 
1984-85. 





Landings 





1984 1985 





Million 
pounds pounds 
95.8 35.6 77.4 33.9 


26.0 18.4 14.4 13.5 
39.5 6.4 6.9 


Million 
dollars 


Million Million 


dollars 





36.2 
12.2 


33.0 
24.0 
73.7 
12.9 
11.1 
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498 million pounds (19 percent of the 
catch), was second. 


Middle Atlantic Harvests 
Up, New England Down 


Preliminary figures for 1985 commer- 
cial fish landings in the Mid-Atlantic 
states of New York, New Jersey, Penn- 
sylvania, Delaware, Maryland, and 
Virginia were 966 million pounds, 
valued at 225 million dollars. These 
1985 figures are up 116 million pounds 
and down 24 million dollars from the 
1984 figures, according to Allen E. 
Peterson, Jr., Director of the NMFS 
Northeast Fisheries Center. Mid- 
Atlantic landings (in millions of pounds 
and dollars) by state for 1984 and 1985 
are given in Table 1, landings by port 
are in Table 2, and Table 3 lists land- 
ings by species. 

Preliminary figures for commercial 
landings of New England fish during 
1985 were 588.9 million pounds, valued 
at 423.6 million dollars. These 1985 fig- 
ures are down 105.4 million pounds and 
9.8 million dollars from the 1984 fig- 
ures, Peterson reported. New England 
landings (in millions of pounds and 
dollars) by state, major port, and species 
are given in Tables 4-6. 


Shrimp ’85: Prices 
Down, Consumption Up 


The U.S. market for shrimp reached 
a third successive record in 1985 (Table 
1), as measured by apparent consump- 
tion, and according to preliminary 
statistics. The overall average price of 
shrimp was lower in 1985 than in 1984, 
but prices of smaller shrimp trended up- 
ward from the third quarter onward. 

Through November 1985, landings of 
shrimp in South Atlantic and Gulf ports 
totaled 172 million pounds (heads-off) 
versus 162 million pounds a year earlier, 
an advance of 6 percent. Despite the 
adverse effects of a cold (1984-85) 
winter on white shrimp in South Atlan- 
tic waters, an exceptional crop of brown 
shrimp boosted harvests later in the 
year, and the 1l-month grand total for 
all species of shrimp rose 35 percent to 
15 million pounds. Eleven-month land- 


ings in Gulf ports totaled 157 million 
pounds in 1985, higher than in 1984, but 
short of the 1981 record. However, land- 
ings in Louisiana and Mississippi did 
surpass the comparable 1981 level in the 
first 11 months of 1985. 

U.S. imports of shrimp totaled 328 
million pounds (product weight) in Jan- 
uary-November 1985 versus 311 million 
pounds a year earlier, an increase of 5 
percent. Increases occurred in all ma- 
jor categories: Raw headless, up 5.9 
million pounds; peeled raw, up 2.1 mil- 
lion pounds; peeled other, up 4.8 mil- 
lion pounds; and canned, up 3.7 million 
pounds. Imports from Mexico, the lead- 
ing supplier, were down significantly. 
Imports from Ecuador were limited by 
availability of postlarval shrimp for 
shrimp farms. The largest increases in 
imports were for Brazil, Thailand, 
Taiwan, Norway (the leading supplier of 
coldwater shrimp), and China. Holdings 
of frozen shrimp in cold storage at the 
end of November 1985 were relatively 
normal at 73 million pounds (heads-off 
basis), though they were a relatively low 
61 million pounds at the beginning of 
1985. 

The U.S. market could have totaled 
roughly 610 million pounds (heads-off 
basis) in 1985, nearly 3 percent higher 
than in 1984. The market has been 
growing for 6 years, an unusually long 
expansion as market declines generally 
occur about every 3 years. Several fac- 
tors have contributed to the market’s 


Table 1.—U.S. supply and use of fresh and 
frozen shrimp Jan.-Nov. 1984-85 (million 
pounds, heads off). 





Component 1984 1985 





Baginning inventory 71 62 
Landings 


Gulf 
South Atlantic 11 15 


Total 
Imports 354 
Total supply 587 
19 


Exports 
Canned pack (Gulf only) 11 
Ending inventory 70 


Apparent consumption 487 





‘Preliminary data subject to revision; data may not 
add to total shown because of rounding. 





growth in the 1980’s, including prices, 
a strong dollar, sharply lower supplies 
of king crab, increased consumer inter- 
est in seafoods, and a generally rising 
economy, despite two recessions and 
lingering problems in some sectors of 
the economy. So far, sharp growth in 
supplies of surimi-based foods, now 
mostly imitation crab products and 
mostly imported, appear to have had 
limited, indirect effects on the U.S. 
shrimp market. 

Not all sectors of the industry have 
gained in proportion to market growth 
in the 1980’s. Most of the market growth 
has been in less processed forms of 
shrimp, in accord with changing con- 
sumer preferences. Thus, processed out- 
put tonnage has not grown in propor- 
tion to the total market. The number of 
U.S. canneries and output of canned 
shrimp have declined sharply, but con- 
sumption has increased with imports. 
Shrimp fishermen have faced continu- 
ing financial problems and business 
failures in the 1980’s, with sharply 
higher insurance costs and falling 
shrimp prices adding to their problems 
in 1984-85. 

Prices of shrimp were mixed in 1985. 
Wholesale prices of all sizes of shell- 
on, frozen Gulf brown shrimp in New 
York averaged lower, and the largest 
four sizes closed lower, but 31/35 and 
smaller shrimp closed higher. At $4.60 
a pound in December 1985, the 31/35 
shrimp were nearly $1/pound higher 
than in December 1984. Other increases 
were smaller. On the other hand, the 
under-15 shrimp were nearly $1.00 lower 
at $6.75/pound in December 1985. Dur- 
ing 1982-84, the under-15 and 16/20 
shrimp had shown greater price strength 
than other sizes. 

Growth in the U.S. shrimp market 
may be limited in 1986 for several 
reasons. Concerted efforts by several 
governments to weaken the dollar began 
in fall 1985, and one result may be to 
dampen U.S. imports of shrimp and 
stimulate buying by other countries. 
Also, Ecuadorian shrimp culture output 
may not grow much until 1987, though 
other suppliers of farm-raised shrimp 
are entering the market. Many observers 
believe that shrimp farming will soon 
become the primary means of increas- 
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ing world supplies. 

Whether from farms or traditional 
fisheries it appears that additions to 
world supplies grew fast enough to ac- 
commodate sharp growth in U.S. im- 
ports and push most prices down dur- 
ing 1982-85. Japanese imports began 
growing again in 1984, and advanced 8.6 
percent from a year earlier through Oc- 
tober 1985. U.S. landings of shrimp 
could be lower than the relatively high 
level of 1985. Finally, growth in the U.S. 
economy may be roughly the same as 
in 1985, and unlikely to greatly stimulate 
demand for shrimp. Therefore, the 
market is likely to grow during 1986, but 
some factors may limit that growth. 
(Source: John Vondruska, NMFS 
Southeast Regional Office, St. Peters- 
burg, Fla.) 


The Blue Crab 
Market, 1984-85 


U.S. landings of hard blue crabs, 
Callinectes sapidus, in 1985 were an 
estimated 185 million pounds, which 
was 17 million pounds (8.4 percent) 
below the record of 1984, and 6 percent 
below the 1981-84 average. Despite 
lower supplies in 1985, ex-vessel prices 
received by fishermen were close to 
what they were in 1984. New York 
wholesale prices of jumbo-lump and 
lump-flake blue crab meat and live blue 
crabs also averaged close to what they 
did in 1984. Lump meat, however, aver- 
aged 16 percent higher. 

From a longer term point of view, the 
rapid expansion in landings in 1977-81 
and the sustained high level of 1981-85 
help explain both the decline in real 
prices from 1976 to 1980 and the limited 
rise from 1980 to 1985. Landings in 1976 
of 115 million pounds represented the 
most recent low point in the cyclical 
harvests of blue crabs, while landings 
during 1981-85 averaged 194 million 
pounds, and represented an unusually 
long and high plateau. The real average 
price (in 1984 dollars) received by pro- 
cessors for blue crab meat was $7.02 a 
pound in 1976, $5.30 in 1980, and $5.52 
in 1984, while the real average price 
received by fishermen for blue crabs 
was $0.35/pound in 1976, $0.25 in 1980, 


and $0.28 in 1984. Besides the growth 
in landings since 1976, other factors have 
affected real prices of blue crab in the 
past 10 years, including possible compe- 
tition from other crab products, and two 
recessions (early 1980 and late 1981 
through 1982). 

The king, Paralithodes sp.; dunge- 
ness, Cancer magister; and snow crab, 
Chionoecetes sp., fisheries have also 
been the source of significant amounts 
of U.S. processed crab meat. Produc- 
tion of king crab meat even exceeded 
that of blue crab meat in 1965-68 and 
in 1980 (estimated). 

Measured in pounds consumed, blue 
crab has been America’s leading crab 
for 5 years in a row, as it had been in 
most previous years, and crabmeat is the 
major processed product of the blue 
crab. These two factors account for the 
fact that blue crab has been the leading 
source of U.S. processed crab meat in 
most years and accounted for 26 million 
pounds out of an estimated total of 36 
million pounds in 1984. 

The U.S. market for crab products has 
undergone radical changes in the 1980’s. 
Several factors are involved, albeit in 
different ways, depending on the crab 
and type of product. One major factor 
has been the rising landings of blue crab 
during a period of declining landings for 
king, snow, and dungeness crabs. Also, 
surimi-based imitation crab meat has 
become important at the lower-priced 
end of the market, and has increased the 
size of the total (natural and imitation) 
crab market to twice what it would be 
with natural crab products alone. 
Whether imitation crab complements 
natural crab products, or competes with 
them, or both, is clearly related to the 
product form and marketing strategies 
pursued. Source: John Vondruska, 
NMFS Southeast Regional Office, St. 
Petersburg, Fla. 


The U.S. Market 
for Processed Shrimp 


While the U.S. market for shrimp has 
been expanding in the 1980’s, processed 
shrimp output is smaller now than 10 
years ago. Apparent consumption of all 
shrimp reached an estimated 591 million 
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pounds (heads off) in 1984, a record 
level, roughly 150-200 million pounds 
ahead of 10 years ago. 

While processed shrimp accounted 
for about half the market in 1983, it was 
80 percent of the market in the early 
1970’s. Comparing processor output 
now and 10 years ago, we see that 1) 
breaded shrimp is lower, 2) raw head- 
less shrimp is fluctuating, 3) peeled raw 
shrimp is growing, 4) peeled cooked 
shrimp is declining, and 5) canned 
shrimp is declining in the Pacific and 
Gulf regions. 

The National Seafood Consumption 
Survey of 1981 has consumer usage, 
purchase, and attitudinal data that may 
be useful in developing marketing stra- 
tegies for shrimp and other seafood 
products. There is a trend toward more 
healthy diets, and seafood has more 
health benefits than are widely recog- 
nized and promoted. 

However, an aggressive seafood mar- 
keting stragety must also deal with con- 
sumer attitudes about price and value, 


preparation, lack of familiarity, and 
product safety and quality. One recent 
study suggests that a key to successful 
seafood advertising is to concentrate on 
changing the consumer’s own percep- 
tions from being a nonconsumer of sea- 
food to a consumer of seafood. This 
approach may be easier than changing 
consumers’ perceptions, beliefs, or atti- 
tudes about seafoods. 

Looking to the future—to the year 
2000—firms that have heretofore based 
their seafood market position mostly on 
products using natural shrimp may 
benefit from possible moderating influ- 
ences on shrimp raw material prices 
because of expanding shrimp maricul- 
ture. On the other hand, there will likely 
be an increasingly severe competitive 
challenge from “imitation” (analog or 
fabricated) products that use significant 
percentages of surimi as raw material 
(now about $0.80/pound in Japan). 
Source: John Vondruska, NMFS South- 
east Regional Office, St. Petersburg, 
Fla. 





Magnetite Makes Magnetic Sense to Yellowfin Tuna 


Fishery scientists with the University 
of Hawaii and NOAA's National Marine 
Fisheries Service have found that 
yellowfin tuna, Thunnus albacares, 
sense magnetic forces on the ocean floor 
which may guide them in their migra- 
tions across the eastern Pacific Ocean. 
The researchers have found that the 
tunas contain as many as 10 million 
magnetic crystals of the black iron min- 
eral magnetite in their skullbones and 
may use it to navigate during migration. 
The scientists believe that the fish use 
the magnetite like a compass, determin- 
ing both their location and the direction 
to take in relation to the seafloor’s 
magnetic field. 

At mid-oceanic ridges, molten rock 
wells up through the seafloor and leaves 
mineral deposits that become magne- 
tized and align themselves with the 
Earth’s magnetic north pole. However, 
because the magnetic field changes over 
time, older minerals are aligned with the 
magnetic south, creating “magnetic 
avenues” in both directions. Scientists 
believe that the yellowfin tunas use their 
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magnetite as a map to detect these ave- 
nues and measure their angle from the 
North Pole and the Equator while 
migrating. 

Researchers know from tagging data 
that the yellowfin tuna migrates as many 
as 3,800 miles from the Fiji Islands 
toward Central America. Combining 
this data with information detailing the 
ocean floor’s magnetic features enables 
scientists to predict where these tropical 
fish migrate. 

“This information is a major step in 
allowing us to distinguish among the 
various stocks of tuna in the Pacific and 
determine if there are similarities in 
their migratory behavior,” said Richard 
Brill, fishery biologist at the NMFS 
Honolulu laboratory. Also, the study 
will cover skipjack tuna, Euthynnus 
pelamis, and kawakawa, E. affinis, and 
will try to determine the minimal 
change that the fish can detect in the 
Earth’s magnetic field. About 221 mil- 
lion pounds of yellowfin tuna, valued at 
more than $110 million, were landed in 
the United States in 1984. 


NE Cod, Haddock 
Supplies to Grow 


Large numbers of young of two major 
New England seafood species, haddock, 
Melanogrammus aeglefinus, and Atlan- 
tic cod, Gadus morhua, are appearing 
on Georges Bank, the NMFS Northeast 
Fisheries Center (NEFC) reported early 
this year. These young haddock and cod 
were spawned the previous spring on the 
Bank, the Northeast’s richest fishing 
ground, and comprise the 1985 “year 
class” of each species. 

Allen E. Peterson, Jr., NEFC Direc- 
tor, noted that “in recent years the com- 
mercial catch of haddock and cod has 
decreased and the retail price, especially 
of haddock, has correspondingly in- 
creased.” He feels that “these 1985- 
year-class fish ultimately will boost 
commercial catches and could moderate 
retail prices.” 

If the New England Fishery Manage- 
ment Council, which manages the 
Georges Bank fisheries, places—as 
expected—a 17- or 19-inch size limit on 
haddock and cod, then the 1985 year 
classes of Georges Bank haddock and 
cod will not grow enough to attain a 
legal size until late 1987 or early 1988. 
Peterson is concerned, however, that 
“haddock and cod from the 1985 year 
classes will nonetheless begin showing 
up in fishermen’s nets later this year oc- 
casionally at 9 inches and consistently 
at 12 inches, well under the Council’s 
proposed size limits.” All undersized 
fish would have to be discarded at sea. 

Peterson notes that “many discarded 
fish would die as a result of being caught 
and thus fail to reach a legal or ‘land- 
able’ size. This potential loss to the 
legal-size population of haddock and 
cod could dampen any improvement in 
landings for fishermen and in retail 
prices for consumers.” He added that 
“the cooperation of fishermen in 
adhering to the Council’s fishing regula- 
tions—all designed to reduce the mor- 
tality of undersized fish—and in avoid- 
ing fishing among concentrations of 
undersized fish, could be the key to 
restoring the Northeast’s haddock and 
cod fisheries.” 

NEFC scientists first detected the 
strong 1985 year classes of these species 
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on Georges Bank during an August 
research vessel cruise to the Bank to test 
juvenile fish sampling gear and 
methods. Center scientists later indexed 
the strength of these year classes based 
on the October portion of the Center’s 
annual autumn survey of fish distribu- 
tion and abundance on the continental 
shelf from Nova Scotia to North Caro- 
lina. This series of autumn surveys, 
begun in 1963, is the only method for 
forecasting year-class strength well 
before the young fish have grown large 
enough to begin showing up in fisher- 
men’s nets. 


Recent Catches 


The 1984 catch of Georges Bank had- 
dock by American fishermen—19 mil- 
lion pounds—was the same as the 1983 
catch, but down from a 1981 catch of 42 
million pounds and a 1982 catch of 28 
million pounds. Fishermen received 
about $13 million for their 1984 catches 
of haddock from Georges Bank. Based 
on preliminary data, the 1985 Ameri- 
can catch of Georges Bank haddock was 
expected to drop by 50 percent to a little 
over 9 million pounds. 

The 1984 catch of Georges Bank cod 
by American fishermen—73 million 
pounds—was down from the record 
1980 catch of 88 million pounds and the 
1983 catch of 81 million pounds. Fish- 
ermen received more than $27 million 
for their 1984 catches of cod from 
Georges Bank. Based on preliminary 
data, the 1985 American catch of 
Georges Bank cod was expected to be 
the lowest in 7 years at about 63 million 
pounds. 


Size of Increase 


For haddock, the Center’s survey 
yielded the third highest number of 
young fish (i.e., those hatched within 
the year) since the surveys began in 
1963. Only the numbers of young fish 
from the 1963 and 1975 year classes 
were higher. 

When fish from the huge 1963 year 
class of Georges Bank haddock reached 
a catchable or “‘recruited”’ size in 1965, 
they fueled the foreign overfishing of 
Georges Bank from which the haddock 
population has never fully recovered. 
When the 1975 year class haddock re- 
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cruited to the fishery in 1977 (just as the 
U.S. 200-mile limit took effect), it aided 
the resurgence of the New England fish- 
ing industry. 

Peterson noted that “‘although the size 
of the 1985 year class of Georges Bank 
haddock is far below the size of the 1963 
year class, it appears to be between the 
size of the 1975 and 1978 year classes— 
the only two year classes to contribute 
significant numbers of fish to the 
Georges Bank haddock fishery in the 
past two decades.” 

In actual numbers, the 1975 year class 
of Georges Bank haddock produced 83 
million 2-year-old fish (the age at which 
haddock begin to recruit to the fishery); 
the 1978 year class produced 62 million. 
The 1985 year class production should 
be between these two values. 

For cod, the Center’s survey yielded 
the second highest number of young fish 
since the surveys began. Only the num- 
ber of young fish in 1975 exceeded the 
number in 1985. Based on the survey 
values, the 1985 year class should re- 
juvenate the sagging cod catch by late 
1987 or early 1988. 


Managing the Increase 


The New England Fishery Manage- 
ment Council, created by the Magnuson 
Fishery Conservation and Management 
Act to manage the fisheries resources of 
Georges Bank, Gulf of Maine, and 
Southern New England, is developing 
a new management plan for haddock, 
cod, and other demersal finfish. The 
new plan, to be called the Northeast 
Multispecies Fishery Management 
Plan, would control fishing by setting 
closed seasons and areas, gear restric- 
tions, and size limits. 

For haddock and cod, the plan would 
set a 17-inch size limit the first year of 
the plan, then a 19-inch limit the sec- 
ond year. Although the plan’s gear re- 
strictions are designed to reduce the 
catch of undersized fish, many haddock 
and cod of the 1985 year class would 
still be vulnerable to being caught before 
they attain legal size. 

Peterson concluded that “it will be 
difficult for the Council’s managers to 
control the catch of undersized fish 
without the cooperation of fishermen. 
Such cooperation is essential, though, 


because those haddock and cod which 
do survive beyond the future 19-inch 
legal size limit—a size at which most 
have also matured—will form the bulk 
of the spawning stocks that will in turn 
produce much of the future supply of 
haddock and cod. For haddock in par- 
ticular, the spawning stock in recent 
years has been so low that the probabil- 
ity of producing a strong year class has 
also been very low.” 


NOAA Satellite Data 
Helps Many Fishermen 


Fishermen used to spend a great deal 
of valuable time searching along the 
Gulf Stream for the warm, spiraling cur- 
rents and the swordfish, sharks, and 
tunas that inhabit them. But in recent 
months, many fishermen have been 
using the National Oceanic and Atmos- 
pheric Administration’s oceanographic 
analysis charts, radically cutting time 
and fuel costs and finding fish. 

A survey of 130 commercial and sport 
fishermen by NOAA's New Jersey Sea 
Grant Extension Service found that 83 
percent of the anglers credited the charts 
for locating better fishing areas. And, 
73 percent said they saved time at an an- 
nual savings of about $2.25 million in 
fuel costs. 

The charts, using timely information 
provided on such ocean features as 
spiralling eddies and sea-surface tem- 
perature changes, are derived from the 
Commerce Department agency’s polar- 
orbiting satellites, transmitted to re- 
ceiving stations at Wallops Island, Va., 
and Redwood City, Calif. From there 
they are relayed to NOAA's National En- 
vironmental, Satellite, Data, and Infor- 
mation Service (NESDIS) in Washing- 
ton, D.C. 

These pictures then go the NMFS 
Narragansett Laboratory in Narragan- 
sett, R.I., where they are compared 
with the sea-surface temperature maps, 
updated with data on warm core eddies, 
and distributed to fishermen. On the 
U.S. west coast, images are sent and 
ocean charts prepared and distributed by 
NOAA's Ocean Service Center in Seat- 
tle and National Weather Service offices 
in Redwood City, Calif., and Anchor- 
age, Alaska. 
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The charts have been so popular that 
oceanographers at the Narragansett 
Laboratory and the University of Rhode 
Island are developing maps with better 
details of the continental shelf waters off 
southern New England where more 
anglers fish. More information is avail- 
able from Jay Tebeau at (202) 634-7281 
or (301) 774-7427. 


Upturn Forseen in New 
England Scallop Fishery 


Large numbers of young Atlantic sea 
scallops, Placopecten magellanicus, are 
appearing off the U.S. east coast, the 
National Marine Fisheries Service’s 
(NMFS) Northeast Fisheries Center, 
Woods Hole, Mass., reported early this 
year. These young scallops, spawned in 
1982 and comprising the 1982 “year 
class” of sea scallops, will grow enough 
to attain legal size later this year or in 
early 1987. Allen E. Peterson, Jr., 
Director of the Northeast Fisheries 
Center (NEFC), feels “the 1982 year 
class could reverse the current 17-year 
decline in the Northeast’s sea scallop 
fishery.” 


Management 


The Northeast’s sea scallop fishery is 
managed by the New England Fishery 
Management Council in conjunction 
with the Mid-Atlantic Fishery Manage- 
ment Council as part of their respon- 
sibilities under the Magnuson Fishery 
Conservation and Management Act. On 
1 April 1986, the NMFS was to imple- 
ment new regulations developed by the 
Councils which will require scallops to 
be a “minimum” size before they can 
be sold. Earlier scallops only needed to 
be an “average” size before sale. 

Under the average-size regulations, 
strong year classes of sea scallops—such 
as the huge 1979 year class in the Great 
South Channel area of Georges Bank— 
have been quickly harvested at small 
sizes and then “mixed” with larger 
scallops from other sites to achieve the 
regulated average. This mixing tech- 
nique crops strong year classes before 
the scallops grow to a spawning size and 
lessens the ability of scallop stocks to 
naturally replenish themselves. The new 
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minimum-size regulations should result 
in fishermen landing mostly adult-sized 
scallops and should significantly im- 
prove the chances for these new adults 
to spawn at least once. 


Right Timing 

Peterson feels that “the timing of the 
new scallop regulations is excellent from 
a conservation standpoint. When the 
strong 1982 year class, particularly in 
the Mid-Atlantic, becomes vulnerable 
(‘recruited’) to the fishery later this year 
or in early 1987, fishermen will be dis- 
suaded from fishing those scallop beds 
composed of juvenile scallops.” 

“Increased survival of these 1982 year 
class scallops until they have both at- 
tained a legal size and had a chance to 
spawn, could fulfill the New England 
and Mid-Atlantic Councils’ objective of 
restoring long-term vitality to the North- 
east’s sea scallop industry.” 


Recent Catches 


American catches from the east 
coast’s three major sea scallop stocks— 
Mid-Atlantic, Georges Bank, and Gulf 
of Maine—peaked in 1978 at 32 million 
pounds of scallop meat. The catch has 
declined each year since. Based on pre- 
liminary data, the 1985 American catch 
was expected to be about 15 million 
pounds, the lowest since 1975. The 1985 
catch was expected to be worth about 
$75 million in dockside or “‘ex-vessel”’ 
prices to fishermen, a $20 million 
decline from 1984. 


Size of Increase 


Evidence of the strong 1982 year class 
of sea scallops comes from the Center’s 
annual summer survey of scallop distri- 
bution and abundance on the Northeast 
continental shelf. The analysis of the 
1985 summer survey data showed a 
marked increase in the abundance in- 
dexes of small, precommercial-sized 
scallops from the 1982 year class in both 
the Mid-Atlantic and on Georges Bank. 

In the Mid-Atlantic, the survey abun- 
dance index of small scallops in the New 
York Bight area was the highest since 
surveys began in 1975; in the Delmarva 
area it was the third highest since 
surveys began. On the U.S. portion of 
Georges Bank, the survey abundance in- 


dex of small scallops in the Great South 
Channel area was the fourth highest 
since surveys began, and was triple the 
1984 value. The small scallop index for 
the southeastern part of Georges Bank 
was the third highest since surveys 
began, and was double the 1984 value. 


Hagfish Create Problems 
for Deepwater Lobstering 


Using a NOAA-chartered research 
submersible, the Harbor Branch Foun- 
dation’s Johnson-Sea-Link, the NMFS 
Northeast Fisheries Center (NEFC) has 
confirmed its suspicions that the Atlan- 
tic hagfish, Myxine glutinosa, can be a 
major problem in the deepwater lobster 
fishery. During four dives last summer 
at Jordan Basin (central Gulf of Maine), 
NEFC scientists observed hagfish— 
primitive eel-like creatures closely 
related to sea lampreys—consuming up 
to 90 percent of the bait (usually red- 
fish or Atlantic herring “‘racks’”’) within 
24 hours from commercially fished 
lobster traps. Amphipods, crabs, and 
shrimps also came into the traps to 
finish off the bait. Excellent videotapes 
and photographs now document this 
hagfish activity. 

This bait loss from deepwater traps 
either creates a major problem or raises 
a serious question. On the one hand, it 
creates a major problem if the presence 
of bait in the traps is essential for attrac- 
ting lobsters. A typical deepwater lobs- 
terman will set about 1,000 traps, fill- 
ing them with about $1,000 worth of 
bait, and hauling them every week. If 
hagfish are consuming 90 percent of the 
bait soon after the trap is set, then 
current baiting practices are very 
inefficient. 

On the other hand, it raises a serious 
question if the traps are effectively fish- 
ing more than 85 percent of the time 
(i.e., 6 out of 7 days) with little or no 
bait. In fact, earlier underwater obser- 
vations by NEFC scientists, as well as 
fishing experiences by some Long 
Island offshore lobstermen, suggest that 
deepwater lobsters are attracted to traps 
not because of the bait, but because of 
the shelter they can provide on an other- 
wise featureless bottom. 





Foreign Fishery Developments 


The U.S.-Canadian 
Fisheries Trade 


Introduction 


Canada and the United States share 
the world’s largest commercial relation- 
ship, and the trade turnover between the 
two countries amounted to over $113 
billion in 1984. Bilateral fisheries trade 
is relatively small—about $1 billion, or 
less than 1 percent of the total trade, and 
has fluctuated in recent years. However, 
the United States is Canada’s most im- 
portant fisheries market, while Canada 
remains a large market for U.S. fishery 
products. 

Canada is the world’s leading exporter 
of fishery products, shipping over $1.2 
billion ($1.6 billion Canadian dollars) of 
fishery products worldwide in 1984. 
These exports account for about 7-8 per- 
cent of the world fisheries trade. Over 
half of Canada’s fishery exports are 
shipped to the U.S. market. 

Fishery exports to the United States 
have increased annually since 1980, 
mostly because of competitive Canadian 
fishery prices. In 1984, the United 
States imported $800 million worth of 
Canadian fishery products, most impor- 
tant being cod, flatfish and other 
groundfish, salmon, crab, lobster, and 
scallops. The fastest increasing fishery 
commodity exports were whole and 
filleted fresh fish and frozen shellfish 
(mostly crab and lobster). 

Canada is the second largest market 
(after Japan) for U.S. fishery exports, 
and it also buys more fishery products 
from the United States than from any 
other country. In 1984, the United States 
exported nearly 38,000 metric tons (t) 
of edible fishery products worth $122.5 
million to Canada. U.S. fishery exports 
to Canada have consisted mostly of 
shrimp and salmon and have fluctuated 
in recent years primarily because of the 
adverse effects of a strong U.S. dollar. 
Many U.S. fishery products exported to 
Canada are processed and reexported 
elsewhere, often back to the United 
States. On the other hand, some Can- 
adian fishery products shipped to the 


ae 


United States are processed and reex- 
ported back to Canada. 


Canada’s Fisheries Market 


Canada’s domestic fisheries market is 
relatively small and consumes only 
about 15 percent of the country’s total 
catch. Canada has a population of 25.4 
million and per capita consumption of 
edible fishery products is only 6.4 kg. 
The Government is actively promoting 
increased fish consumption and has 
designated November as the “Fish and 
Seafood Month.” In January 1984, the 
Department of Fisheries and Oceans 
(DFO) launched an extensive advertis- 
ing campaign to promote increased fish 
consumption. The 5-year campaign 
aims at increasing annual fish and shell- 
fish consumption. Despite all these ef- 
forts, however, and even if domestic 
consumption increases, the Canadian 
fishing industry will remain greatly 
dependent on export markets. 


Canada’s Fisheries Trade 


Canada exported $1.2 billion! worth 
of edible fishery products in 1984, about 
the same as in 1983. The most impor- 
tant export markets, by value, were the 
United States, Japan, and the European 
Community (Fig. 1). Expanded exports 
of canned herring and frozen cod fillets 
accounted for the incresed shipments of 
Canadian fishery products to world 
markets in 1984. Canadian exports to 
the EC decreased compared with 1983, 
but expanded to other markets, such as 
the United States, Japan, and Latin 
America. In addition to remaining the 
world’s largest exporter of fishery pro- 
ducts, Canada also had the largest trade 
surplus in fishery products—about $860 
million. 

Canada’s fishery imports totaled $380 
million in 1984, a 17 percent increase 
compared with the value of 1983 im- 
ports. Major suppliers were the United 


‘All monetary figures are in U.S. dollars. 


Figure 1.—Canada’s fishery exports, 
by value, 1984 (total = $1.2 billion). 


States, 55 percent; Europe (EC and 
other countries), 9 percent; Latin Amer- 
ica, 8 percent; and Japan, 7 percent. 
The imports of fresh and frozen shell- 
fish, canned shellfish, and fresh and 
frozen finfish incrased the most in 1984. 
Imports from the EC decreased, but im- 
ports from other European countries, 
the United States, Japan, and Latin 
America all increased. 


U.S.-Canadian 
Fisheries Trade 


In recent years, Canadian exports to 
the United States have increased much 
faster than U.S. exports to Canada. The 
value of Canadian exports to the United 
States (in real dollars) has increased 
from over $600 million in 1979 to near- 
ly $800 million in 1984, or by 25 per- 
cent. However, when the value of these 
exports is measured after adjusting for 
the rate of inflation, using the U.S. 
Department of Commerce Consumer 
Price Index, a decrease of nearly 9 per- 
cent is noted in the value of Canadian 
fishery exports to the United States from 
1979 to 1984 (Fig. 2). Therefore, it is 
necessary to look more closely at the 
quantity of Canadian fishery products 
shipped to the United States during 
1979-84. 


Quantities Shipped 


Canadian exports (despite smaller 
harvesting setbacks in 1980 and 1983) 
have increased from 280,000 t in 1979 
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Figure 2.—U.S. fishery imports from Canada, by value 


Figure 3.—U.S. fisheries trade with Canada, by quan- 
in real and constant dollars, 1979-84. 


tity, 1979-84. 


to nearly 316,000 t in 1984, or by about 
ll percent (Fig. 3). Most was due to ex- 
panded Canadian exports of Atlantic cod 
and lobster to the U.S. market. Because 
Canadian observers expected a de- 
creased Canadian cod harvest in 1985, 
exports of cod to the U.S. market were 
also expected to decrease. Canadian 
lobster stocks, on the other hand, are 
considered to be quite healthy and a 


Table 1.—Canada’s edible fishery exports (total to all countries compared with 
shipments to the United States) by quantity and value, 1979-84". 





Quantity (1,000 t) — Value (US$million) Percent 
ee ol ce er aaa ie eal of 


Year Total To U.S. total Total To U.S. total 





1979 
1980 
1981 
1982 
1983 
1984 


472.6 
478.5 
515.9 
530.6 
479.7 
460.7 


243.7 
218.4 
263.2 
277.6 
276.1 
273.7 


51.6 
45.6 
51.0 


1,114.8 
1,094.5 
1,260.8 


591.9 
560.6 
749.4 


53.1 
§1.2 
59.4 
52.3 
57.6 
59.4 


1,299.7 
1,279.2 
1,234.2 


758.8 
805.6 
787.8 


58.4 
63.0 
63.8 





"Sources: NMFS “Fisheries of the United States,” various years; Statistics Canada, “‘Ex- 
ports by Commodities,” December 1984; and FAO “Yearbook of Fishery Statistics,” 1983. 


measurable decrease in exports was not 
anticipated for 1985. During the first 9 
months in 1985, Canadian lobstermen 
reported an incresed lobster harvest. 

U.S. fishery exports to Canada have 
decreased since the early 1980’s, most- 
ly because of the strong U.S. dollar. In 
1980, U.S. exports hit a record high 
55,700 t, worth $148 million. These ex- 
ports have gradually fallen to 37,800 t, 
worth only $123 million in 1984. Fur- 
thermore, part of U.S. fishery shipments 
to Canada are not consumed there, but 
are only processed in Canada and then 
transshipped elsewhere. 


Industry Subsidies 


Fisheries trade between Canaaa and 
the United States may be greatly af- 
fected by recent developments. In Dec- 
ember 1984, the U.S. International 
Trade Commission (ITC) released a 
report documenting the Canadian Gov- 
ernment’s subsidies to its fishing in- 
dustry of nearly $106 million. The U.S. 
fishing industry has petitioned the ITC 
and Commerce Department concerning 
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possible injuries suffered from the Ca- 
nadian subsidies. 

One petition, concerning Canadian 
salted cod competing with the U.S. in- 
dustry, recently resulted in anti-dumping 
duties being placed on imports of Can- 
adian skin-on heavily salted cod enter- 
ing the United States. Another petition 
sought countervailing duties on fresh 
Canadian groundfish shipments com- 
peting with the New England fishing 
industry. This petition was submitted to 
the ITC on 5 August 1985. On 11 Sep- 
tember 1985, the five ITC commis- 
sioners unanimously decided that there 
was a reasonable indication that the U.S. 
fishing industry was being materially in- 
jured by allegedly subsidized imports of 
groundfish from Canada. As a result of 
this decision, the U.S. Department of 
Commerce will continue its investiga- 
tion of the Canadian groundfish industry 
to determine whether the harvesting, 
processing, or export of groundfish is 


being subsidized. A preliminary deter- 
mination of the existence of subsidies 
was due on 2 January 1986. If this find- 
ing is positive, both the ITC and the 
Commerce Department will initiate 
more in-depth investigations leading to 
final determinations of domestic injury 
and foreign subsidies. Countervailing 
duties, equal to the amount of subsidies, 
will be applied to U.S. imports of 
groundfish products from Canada if 
these final determinations are positive. 
Canadian policy-makers are concerned 
about the U.S. industry’s complaints and 
were encouraging Canadian groundfish 
exporters to seek alternative markets. 


U.S. Imports 


Canadian fishery exporters depend 
heavily on the U.S. market. In 1984, 
about 60 percent of Canada’s edible 
fishery exports were shipped to the 
United States (Table 1). Although 1984 
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was the record-high year for the quan- 
tity of fishery shipments to the United 
States, their value was less than in 1983; 
nearly $800 million of fishery products 
were shipped to the United States in 
1984, a decrease of 2 percent compared 
with 1983. Canadian exports consisted 
mainly of whole fresh fish, frozen 
fillets, and fresh and frozen shellfish in 
1984; these shipments accounted for 62 
percent of the quantity and nearly 70 
percent of the value of total exports to 
the United States. The remainder of the 
shipments consisted of cured fish, fish- 
meal and oil, canned fish and shellfish, 
and other commodities. 


Commodities 


Fish Fillets 
and Whole Fish 


Representing the largest and most 
valuable Canadian commodity exported 
to the United States, fresh and frozen 
fish fillet shipments amounted to 
100,000 t worth over $300 million in 
1984 and accounted for about 38 per- 


Table 2.—U.S. fishery imports’ from Canada by commodity and quantity, 1979-84. 


cent of the total exports (Tables 2 and 
3). Fillet exports have increased since 
1979, mostly because Canadian process- 
ing capacity increased but also because 
filleted fish commands higher prices 
and therefore brings added value to Ca- 
nadian exports. Shipments of whole 
fresh and frozen fish have also increased 
substantially from $60 million in 1979 
to over $100 million in 1984. These 
greatly increased fresh-fish shipments 
have helped to trigger the countervail- 
ing duty petition filed by elements of the 
U.S. fishing industry in the Northeast. 


Blocks 

Groundfish blocks (mostly cod) faced 
a weaker market in 1984 and, as a 
result, exports decreased to $87 million 
(compared with $123 million in 1983), 
considerably below the average level 
during the previous 6 years. Large Ca- 
nadian cod block inventories early in 
1984 forced prices downward. The high 
inventories occurred because of increas- 
ed competition from Denmark, Iceland, 
and Norway for the U.S. mar- 





Quantity (t) 


ket. For example, Denmark’s cod block 
exports to the United States, offered at 
low prices and enjoying favorable cur- 
rency exchange rates and reputation for 
high quality, grew from $20 million in 
1982 to $47 million in 1984, and helped 
increase Denmark’s market share for the 
cod block market in the United States 
from 13 to 29 percent. Over the same 
period, Canada’s market share for its 
frozen blocks decreased from 53 to 43 
percent. 


Shellfish 

Canadian shellfish exports to the 
United States have increased since 1979 
mostly because of greater lobster ship- 
ments. Over two-thirds of the exported 
shellfish is shipped fresh or frozen: The 
remainder is sent live or canned. Fresh 
and frozen shellfish shipments de- 
creased to $150 million in 1984, after 
reaching a record $184 million in 1983. 
This decrease was mostly caused by fall- 
ing scallop shipments. The value of live 
shellfish exports (mostly because of in- 
creased Canadian lobster harvests) has 


Table 3.—U.S. fishery imports’ from Canada by commodity and value, 
1979-84. 








Commodity 1981 


1982 





Edible 
Fish 
Fresh, frozen 
Whole 
Fillets 
Blocks 
Loins, disks 


Subtotal 


Canned 
In oil 
Not in oil 


Subtotal 


Cured 
Roe 
Other 1,484 


Subtotal 221,037 
Shellfish 
Live 
Fresh, frozen 
Canned 


6,530 
15,077 
1,070 


14,706 

1,340 
Subtotal 22,677 21,513 
Inedible 


Meal, scrap 24,703 21,957 


Commodity 


Value (US$million) 





1980 1981 1982 





Edible 
Fish 
Fresh, frozen 
92,439 Whole 
56,188 Fillets 
12 Blocks 


62,493 


211,132 Subtotal 
Canned 
In oil 
Not in oil 


1,167 
2,814 


3,981 Subtotal 


27,358 i Cured 
137 Roe 
712 Other 


Subtotal 
Shellfish 

Live 

Fresh, frozen 

Canned 

Subtotal 


Inedible 
Meal, scrap 


179.7 


354.8 


3.4 
6.3 


9.7 


48.6 54.3 
0.9 J ‘ 0.7 
1.7 . J 1.5 


415.7 


545.9 


31.2 
96.9 
15.3 


143.4 


61.7 
183.6 
12.7 


258.0 


7.3 ' 7.5 6.9 


5,237 ; : Oil ; 24 ; i 24 
3,988 Other Z 3.1 i : 1.4 


Oil 6,343 
Other 4,924 


6,670 
5,038 


33,665 


8,170 
3,316 


Subtotal 35,970 33,500 31,666 Subtotal 12.8 13.3 11.8 10.7 


Grand total® 


"Source: U.S. Dep of C , Bureau of the Census. 
?Totals may not agree because of rounding. 


279,684 249,887 296,243 Grand total* 


"Source: U.S. Dep of C Bureau of the Census. 
"Totals may not agree because of rounding. 


306,792 571.9 762.0 768.9 8148 
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more than doubled since 1979 and 
amounted to $77 million in 1984. 
Canned shellfish exports have fluctuated 
greatly, increasing from $13 million in 
1979 to $31 million in 1982, but in 1984 
exports dropped to only $5 million. 


Species 

Cod was by far the most important 
species of fish exported by Canada to 
the United States in 1984, and totaled 
98,200 t worth nearly $226 million 
(Tables 4 and 5). Other groundfish ex- 
ports amounted to over $200 million in 
1984. Lobster, scallops, crabs, Pacific 
salmon, and herring were also impor- 
tant species shipped to the United States. 


Cod 


In the early 1980’s, because of the in- 
creased availability of cod resources, 
Canada’s cod exports flourished. It ap- 


Table 4.—U.S. fishery imports’ from Canada by species and quantity, 1979-84. 


pears that these exports—especially to 
the United States—may level off or even 
decrease in the future as the resource 
becomes more regulated and the com- 
petition from other cod harvesting na- 
tions stiffens. Although Canada exports 
much of its cod to the United States in 
fillet or block form, shipments of whole 
fresh cod greatly increased in 1984. 
This increase helped spark the recent 
countervailing duty petition by elements 
of the U.S. fishing industry. 

The Canadian Government, through 
the Fisheries Price Support Board?, 
began to administer a new $11 million 
program to stabilize frozen cod prices 


2The Fisheries Prices Support Board was formed 
following the 1947 adoption of the Fisheries Prices 
Support Act by the Canadian Government. The 
Board is responsible for investigating and recom- 
mending actions to support prices for fishery prod- 
ucts when economic reverses occur in the fishing 
industry. 





Quantity 


in 1984. The Board purchased 195 t of 
frozen cod fillets during the summer of 
1984, when Canadian processors had 
marketing problems. The cod fillets 
were resold to suppliers when prices 
increased. 


Other Finfish 


Species such as haddock, Pacific 
salmon, and various redfishes and flat- 
fishes are also important exports to the 
United States (i.e., almost all of Can- 
ada’s haddock exports were shipped to 
the United States in 1984). Pacific 
salmon exports have also increased in 
recent years, despite the fact that this 
Canadian fishery suffered reverses dur- 
ing the past 2 years. Early in the 1985 
fishing season, Canadian Pacific salmon 
fishermen reported greatly increased 
harvests. Various flatfish and rockfish 
exports (and harvests) have fluctuated. 


Table 5.—U.S. fishery imports’ from Canada by species and value, 1979-84. 





() 





Species 1981 


1982 Species 





Edible 
Fish 
Catfish 
Cod 


Flatfish? 
Groundfish? 
Halibut 
Herring 
Mackerel 
Perch 
Pollock 
Salmon 
Sardines 
Swordfish 
Trout 
Tuna 
Turbot 
Whitefish 
Other 


Subtotal 
Shelifish 


Clams 
Crabs 
Lobster 
Oysters 
Scallops 
Shrimp 
Other 


Subtotal 


Other 65 


Total (edibie) 243,713 216,221 262,743 


Inedible 35,970 33,665 33,501 


Grand total® 279,684 249,887 


275,127 


296,243 306,792 


Value (US$million) 





1981 1982 1983 





Edible 
Fish 
Catfish 
Cod 


Flatfish? 
Groundfish? 
Halibut 
Herring 
Mackerel 
Perch 
Pollock 
Salmon 
Sardines 
Swordfish 
Tuna 
Trout 
Turbot 
Whitefish 
Other 
Subtotal 

Shellfish 
Abalone 
Clams 
Crabs 
Lobster 
Oysters 
Scallops 
Shrimp 
Other 
Subtotal 

Other 

Total (edible) 


31,666 Inedible 


Grand total® 





"Source: U.S. Department of Commerce, Bureau of the Census. 
?Not otherwise specified 


specified. 
‘Totals may not agree because of rounding. 
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591.7 


605.3 


0.2 0.2 


559.3 748.7 


13.5 12.8 13.3 


571.9 762.0 768.9 814.8 





‘Source: U.S. Department of Commerce, Bureau of the Census. 
?Not otherwise i 


Totals may not agree because of rounding. 





Scallops 


Canadian scallop exports to the 
United States have also fluctuated in re- 
cent years. The export value peaked at 
$87 million in 1981, but dropped to $48 
million in 1984. Canada exports over 
two-thirds of its annual scallop harvest, 
virtually all to the U.S. market. Exports 
declined greatly in 1984 because crews 
on a number of scallop draggers were 
on strike for several months. 

Overall, Canadian scallop landings 
have decreased substantially (from 
89,500 t in 1979 to 34,800 t in 1984) as 
Government conservation measures 
proved difficult to implement and en- 
force. Canadian officials have also found 
that a meat-count system, used to moni- 
tor the industry, was difficult to main- 
tain because of opposition from the 
fishing industry. Finally, Canadian 
scallops continue to face stiff competi- 
tion on the U.S. market from less ex- 
pensive calico scallop and other scallop 
species from the southeastern U.S. and 
South American harvesters. 


Other Shellfish 


The United States annually purchases 
about 80 percent, by value, of Canada’s 
total shellfish exports. Lobster and crab 
shipments have especially increased 
since 1979. Canadian lobster shipments 
to the United States more than doubled 
from $50 million in 1979, to $115 million 
in 1984. Abundant lobster landings, at- 
tributed to stricter enforcement practices 
and the recovery of stocks, and strong 
markets boosted the value of the Ca- 
nadian lobster fishery in 1984. Crab ex- 
ports also increased greatly, from only 
$11 million in 1979 to $66 million in 
1983, but slipped to $46 million in 1984. 
The Canadian shellfish industry faces 
increasing competition from “imitation” 
surimi-based shellfish products from 
Japanese and, now, U.S. producers. It 
is not yet known what future impact this 
competition may have, if any, on the 
Canadian shellfish industry. 


U.S. Exports 


Canada is the second largest market 
for U.S. fishery products (after Japan) 
and accounted for 13 percent of the 
value of U.S. exports in 1984, but only 
7 percent of the quantity (Table 6). Part 
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of these imports are simply processed 
and transshipped elsewhere. Canada is 
intent upon maintaining good fishery 
trade relations with the United States, 
recognizing that it has much more to 
gain than to lose, and has a rather liberal 
tariff system for U.S. fishery products 
(Table 7). The U.S. fishing industry, 
however, often cannot compete with 
Canadian products, especially when 
they benefit from Government financial 
assistance. In addition, U.S. fishery 
products currently suffer from un- 
favorable currency exchange rates when 
exported to Canada. 


Commodities 


Canadian imports of U.S. fishery 
products totaled $123 million in 1984, 
a decrease of $12 million from 1983 
(Tables 8 and 9). Since 1979, U.S. ex- 
ports to Canada have fluctuated from a 
record-high of $148 million in 1981 to 
a low of $118 million in 1979. Exports 
of shellfish have dominated U.S. fishery 
shipments to Canada. The United States 
also has had success in exporting whole 
frozen fish and canned fish to Canada. 


Fresh and Frozen Shellfish 


Exports of fresh and frozen shellfish 
to Canada fell to $53 million in 1984, 
from $58 million in 1983. Frozen 
shrimp was by far the most valuable 
shellfish commodity exported, earning 
nearly $22 million in 1984. Fresh and 
frozen shellfish exports, except shrimp, 
were worth over $13 million. 


Whole Frozen Fish 


Whole frozen fish exports to Canada 
have fluctuated since 1979. Exports in- 
creased from $22 million in 1979 to $41 
million in 1981, but decreased to $32 
million in 1984. Fresh and frozen salm- 
on exports totaled 8 t worth $18 million. 
Other species of fresh chilled or frozen 
fish earned $13 million, Alaska pollock 
and herring being among the most 
important. 


Canned Fish 


Canned fishery exports fell to $17 
million in 1984 from $25 million in 
1983. The value of U.S. canned exports 
in 1984 was roughly half that of 1980, 
when $37 million worth of canned fish 


Table 6.—U.S. edible fishery exports to Canada, com- 
pared with total exports to all countries, by quantity and 
value, 1979-84. 





Amt. (1,000 t) Per- Value (US$10®) —Per- 

SS ae cent a ere ee cel 
To of To 

Can. total Total Can. 





10.6 1,060.3 
11.5 993.4 
11.1 1,142.0 
8.0 1,032.2 
5.9 996.7 
7.0 918.6 


116.6 
144.3 
146.9 
116.6 
131.6 
120.8 13.2 





‘Source: NMFS “Fisheries of the United States,”’ various 
years. 


Table 7.—Canada’s tariff rates’ on selected U.S. 
fishery products, 1984-85. 





Duty rate 


Category 


Edible 
Fish 
Bonito, preserved in oil 
Halibut, fresh, salted, or pickeled 
Herring, fresh, salted, or pickeled 
Herring, in oil, in sealed containers 
Herring, kippered, in sealed containers 
Mackerel, all commodities 
Salmon, fresh or frozen 
Salmon, prepared or preserved 
Trout, fresh or frozen 
Tuna, frozen, to be processed in 
Canada 

Fish, preserved in oil* 
All other fish, prepared or preserved” 





Shellfish 

Shrimp 

Squid, octopus, and cuttlefish 

Lobster or lobster meat, fresh or 
boilec 

Shellfish, fresh? 

Crustaceans, fresh or prepared/ 
preserved” 

Clams, in sealed containers 

Crabs, in sealed containers 

Lobsters, in sealed containers 

Oysters, prepared or preserved 

Oysters, smoked, whether or not in 
cans or other airtight containers 

Shellfish, prepared or prese 


Non-edible 
Menhaden oil 12.8 
Fishmeal 8.8 





"Source: FAO and Infofish, “Register of Import Regula- 
tions for Fish and Fishery Products,” 1984 update. 
2Not elsewhere specified. 


were shipped. Canned salmon is the 
chief product in the canned category. 
However, canned salmon exports de- 
creased from $24 million in 1983 to $15 
million in 1984. Much of this canned 
salmon is probably reexported else- 
where. 


Species 
In 1984, the most important species 
exported to Canada by the United States 


were salmon, shrimp, and king crab 
(Tables 10 and 11). These three species 
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Table 8.—U.S. fishery exports’ to Canada by commodity and quantity, 1979-84. Table 9.—U.S. fishery exports’ to Canada by commodity and value, 1979-84. 
Quantity (t) Value (US$million) 
1$81 1982 Commodity 1979 1980 1981 1982 1983 




















Fish 
Fresh, frozen 
28,596 27,043 Whole 
3,663 4,819 2,820 776 Fillets 


32,259 31,862 


9,689 7,341 
189 764 
118 153 
262 201 


42,517 


8,988 8,052 . I 53.4 
2,117 1,965 5 . 11.4 
125 103 ‘ L 0.6 


11,230 10,120 8,717 59.2 3 65.4 
Total (edible) 53,747 50,441 32,396 Total (edible) 116.7 146.8 116.6 


Inedible Inedible 
Meal 820 917 1,618 3,132 Meal 0.1 L 0.3 0.4 1.4 
Oils 184 245 192 342 Oil 0.2 y 0.2 0.3 0.3 
Other 824 810 948 1,265 Other 0.4 . 0.8 1.0 0.9 


Total (inedible) 1,828 1,972 2,758 4,739 Total (inedible) 0.7 d 1.3 1.7 2.6 


Grand total 39,456 55,716 53,198 37,135 Grand total” 117.5 145.2 148.2 1184 134.1 


"Source: U.S. Dep of C , Bureau of the Census. ‘Source: U.S. Department of Commerce, Bureau of the Census. 
?Totals may not agree because of rounding. *Totals may not agree because of rounding. 











Table 10.—U.S. fishery exports’ to Canada by species and quantity, 1979-84. Table 11.—U.S. fishery exports’ to Canada by species and value, 1979-84. 
Quantity (t) Value (US$million) 
1981 1982 1980 1981 1982 




















15,880 


26,215 


42,095 56.5 


1,569 5.0 
5,579 5,090 38.2 

9 327 
4,073 3,277 


11,230 10,119 59.2 


419 262 207 0.9 
Total (edible) 53,744 50,440 32,398 31,074 Total (edible) 116.6 


Inedible 
Meal 820 917 1,618 3,132 9,232 Meal 0.1 0.1 0.3 
Oils 184 245 192 342 320 268 Oils 0.2 0.2 0.2 
Other 824 810 948 1,265 1,019 Other 0.4 0.6 0.8 


Subtotal 1,828 1,972 2,758 4,739 10,571 Subtotal 0.7 0.9 1.3 


Grand total” 39,456 55,716 63,198 37,135 41,646 Grand total” 1175 1452 148.2 1184 


"Source: U.S. Dep: of C , Bureau of Census. ‘Source: U.S. Department of Commerce, Bureau of Census. 
*Totals may not agree because of rounding. "Totals may not agree because of rounding. 
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accounted for more than one-half of 
Canada’s fishery imports from the 
United States. 


Salmon 


Salmon exports to Canada decreased 
from a high of $50 million in 1980 to 
$34 million in 1984. The most impor- 
tant exports were chum, pink, and sock- 
eye salmon. Sockeye was the major 
species in the canned salmon category, 
worth nearly $10 million, followed by 
pink, worth about $4 million. Much of 


this imported salmon was probably re- 
exported elsewhere. 


Shrimp 


U.S. shrimp exports to Canada in 
1984 were the lowest by value during 
1979-84, at $33 million. Frozen shrimp, 
at $22 million, accounted for most of 
the shipments. Canned shrimp exports 
totaled $7 million, and fresh shrimp 
earned about $4 million. Despite the 
decrease in shipments, Canada re- 


mained the most important export 
market for U.S. shrimp. 


King Crab 


Because of a decline in sales to Japan, 
Canada became the most important 
market for U.S. exports of king crab in 
1983 and 1984. Canada purchased 320 
t of king crab, worth $4.1 million, in 
1984. King crab exports to Canada are 
still below previous levels (i.e., Canada 
purchased $10 million worth in 1981). 
Source: IFR-85/63. 





Developments in 
Asian Shrimp Culture 


Asian countries produced over 75,000 
metric tons (t) of cultured shrimp in 
1983, and it is estimated that cultured 
shrimp production will be nearly 
200,000 t by 1990 (Table 1). India, In- 
donesia, Thailand, and Taiwan are the 
most important shrimp culturing coun- 
tries, but several other Asian countries 
are expected to significantly increase 
production of cultured shrimp by the 
end of the decade. 

Asia’s farmed shrimp is currently only 
a minor part of that region’s total shrimp 
production. Several important shrimp 
producing countries in Asia, however, 
are reporting steady growth in their 
shrimp culture industries. More impor- 
tantly, some countries which once had 
only small shrimp industries are begin- 
ning to report sharply higher production 
owing to expanding harvests of cultured 
shrimp, and other countries which never 
produced significant amounts are now 
considering shrimp culture. 


Species Cultured 


Many Asian countries have suitable 
climates and large areas available for 
both brackish and freshwater shrimp 
culture, and several indigenous shrimps 
have been found suitable for culture. 
Major species presently cultured in- 
clude Penaeus monodon, P. indicus, P. 


This report, IFR-85/13B, was written by Maurice 
Feller, former Foreign Affairs Specialist with the 
U.S. Department of Commerce, and A. George 
Herrfurth, with the Foreign Fisheries Analysis 
Branch, Office of International Fisheries, NMFS, 
NOAA, Washington, DC 20235. 
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merguiensis, P. japonicus, Metapenaeus 
ensis, and Macrobrachium rosenbergii. 
Exact data on the species composition 
of Asian farmed shrimp harvests is not 
available, but the NMFS Branch of 
Foreign Fisheries Analysis believes 
that the most important species is P. 
monodon. 


Production 


Asian countries produced over 75,000 
t of cultured shrimp in 1983 (Table 1), 
or about two-thirds of the total world 
production. India, Thailand, Indonesia, 
and Taiwan were the major producers. 
These countries, as well as the Philip- 
pines, have the greatest potential for ex- 
panding cultured shrimp production by 
1990 (Table 1). 

Cultured shrimp production in Asia 
could reach over 195,000 t in 1990, pro- 
vided that postlarvae from established 
or planned shrimp hatcheries is readily 


available and that better predator con- 
trol, pond cleaning, aeration, and feed- 
ing techniques are used. Many ob- 
servers believe that the Asian shrimp 
culture industry may grow at a more 
rapid rate than the Latin American 
shrimp farming industry because the 
technology for producing P. monodon 
postlarvae and other important Asian 
shrimp species is less complicated than 
that for Latin American species. 
Shrimp farming has a long tradition 
in Asia, and shrimp farmers currently 
use extensive, semi-intensive, and inten- 
sive methods to culture shrimp. Exten- 
sive shrimp farming is utilized through- 
out developing countries of Southeast 
Asia and the Indian subcontinent 
because it requires relatively simple 
technology and low capital investments. 
Many extensive shrimp farms in Asia 
actually involve the polyculture of 
several fish species in ponds, and little 


Table 1.—Asian cultured shrimp production for 1982, 1983 and 1990 (projected). 





Production (t) 





Country 1982 1983 


Primary species 





Indonesia 
Thailand 
India 

Taiwan 
Philippines 
Vietnam 
Bangladesh 
China 

Japan 
Malaysia 

Sri Lanka 
Burma 
Pakistan 
South Korea (ROK) 
Other nations 


11,900E' 
14,200E 
15-20,000E 
10,941 
4,250E 
10-20,000° 
3,000E 


11,313 
10,091 


Total 





'E = Estimate. 
N/A = Not available. 
SEstimated production for 1984. 
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additional capital investment is neces- 
sary to culture shrimp in an already con- 
structed pond. 

Some Asian countries have recently 
begun to apply “semi-intensive” farm- 
ing methods to increase yields. These 
improvements include better predator 
control, fertilizing, feeding, aerating, 
and dredging ponds. Intensive shrimp 
farming, developed and utilized primari- 
ly in Taiwan and Japan, involves far 
greater costs of production because the 
shrimp are carefully monocultured, 
using various sophisticated techniques. 


Future Production 


An accurate prediction of future 
farmed shrimp production in Asia is im- 
possible at this time. The above estimate 
for 1990 production is little more than 
an educated guess, as various economic 
problems continue to influence shrimp 
culturing in Asia. Rising production 
costs for shrimp feed, pond construc- 
tion and maintenance, processing, fuel, 
electricity, and shipping, as well as “acts 
of God!”, have affected Asian cultured 
shrimp production. Some Asian coun- 
tries have also had quality control prob- 
lems in exporting shrimp to the United 
States, a difficulty that will have to be 
overcome to secure a stable market. 
Another problem for Asian shrimp 
farmers is that two of the major shrimp 
species cultured in Asia, P. monodon 
and P. japonicus, are not widely con- 
sumed in the United States, one of the 
world’s greatest shrimp markets. The 
export growth potential for these species 
is therefore limited as long as they are 
not extensively marketed in the United 
States. 

Another key factor which will affect 
future shrimp culture production is 
market prices. Shrimp prices, especially 
for the medium sizes in the U.S. market, 
have fallen sharply since early 1983. 
This is at least partially because of in- 
creased production of Latin American 
farmed shrimp, as most growers find the 
middle sizes the most profitable to 
harvest. If prices continue to fall, how- 
ever, growers will be forced to reeval- 


‘As a result of typhoons, for example, the harvest 
of farmed shrimp in the Philippines reportedly 
declined by 30 percent in 1984. 
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uate prospects, and production forecasts 
may have to be altered. 


Indonesia 


Indonesia is one of the leading Asian 
shrimp farming countries, producing 
over 11,300 t in 1982 (9,100 t of marine 
species and 2,200.t of freshwater 
species), and an estimated 11,900 t in 
1983 (9,550 t marine; 2,350 t fresh- 
water) (Table 1). Many observers believe 
that Indonesia will emerge as the prin- 
cipal Asian producer of farmed shrimp 
by 1990. The major species cultured are 
P. monodon, P. merguiensis, Meta- 
penaeus endeavori, and Macrobrachium 
spp. Growers use extensive methods and 
produce about 300 kg/ha of shrimp an- 
nually. Six governmental and 24 private 
hatcheries produced 45 million post- 
larvae in 1982; another 290 million were 
gathered from the wild. 

The Indonesian Government has pro- 
moted the development of the country’s 
shrimp culture industry since the 1970’s 
when the Directorate General of Fish- 
eries established four Macrobrachium 
hatcheries. The Government has insti- 
tuted a National Shrimp Development 
Program, designed to utilize 220,000 ha 
of ponds for shrimp culture by 1989. To 
implement these goals, the Government 
plans to establish 85 hatcheries and 3 
technical training centers. The Govern- 
ment also extends grants and loans to 
promote the construction of private 
hatcheries. The Asian Development 
Bank (ADB) and U.S. Agency for Inter- 
national Development (AID) have also 
provided assistance in developing a 
shrimp culture industry. Much of the 
shrimp farming technology currently 
used in Indonesia was developed in 
Japan. 

The major factor limiting the expan- 
sion of the Indonesian shrimp culture in- 
dustry is the availability of postlarvae to 
stock the ponds. The Indonesian Gov- 
ernment hopes that the hatcheries it is 
financing will overcome this problem. 
If the Government succeeds in increas- 
ing the availability of postlarvae, shrimp 
production could increase sharply by 
1990. One estimate suggests that as 
much as 220,000 ha could produce 
40,000 t of cultured shrimp by 1990. If 
the present average annual yield rate of 


Table 2.—Thailand’s cultured shrimp production, 
hectares cultured, number of shrimp farms, and 
yield per hectare, 1978-83. 


Production Hectares 
() cultured 





No. of 
farms 


Yield 
(kg/ha) 


3,045 262 
3,378 283 
3,572 308 
3,657 387 
3,943 326 
5,334 384 





24,169 
24,676 





‘Estimate. 


300/ha improves, production by 1990 
would be even greater. The Indonesian 
Government plans to increase shrimp 
production for P monodon alone to 
44,000 t by 1988, but observers believe 
that this goal is overly optimistic 
because it relies not on increased post- 
larvae production but, rather, on con- 
struction of new ponds and increased 
production per hectare. 


Thailand 


Cultured shrimp production in Thai- 
land more than doubled between 1979 
and 1983, and exceeded 14,200 t in 1983 
(Table 2). The most important species 
are P. merguensis, Macrobrachium sp., 
and P. monodon. The Government of 
Thailand does not provide any financial 
incentives for shrimp farming, but oper- 
ates five shrimp hatcheries to supply 
postlarvae. These hatcheries reported- 
ly produced 32 million P. merguensis, 
8 million P- monodon, and more than 
1 million P. semisulcatus postlarvae in 
1983, and observers believe that this 
represents only 20 percent of potential 
postlarvae production capacity. There 
are also several privately owned hatch- 
eries in Thailand producing an unknown 
quantity of postlarvae. Most Thai 
shrimp farmers, however, rely on wild 
shrimp postlarvae to stock their ponds 
because the state-run and private hatch- 
eries cannot supply the present demand. 

The area devoted to shrimp culture 
has increased yearly but average yields 
per hectare have fluctuated (Table 2). In 
1983, Thai shrimp farmers utilized 
about 37,000 ha of ponds with an aver- 
age yield of 384 kg/ha. Thai officials 
expect cultured shrimp production to in- 
crease to 35,000 t by 1990 if more post- 
larvae can be obtained from hatcheries 
and if shrimp farmers increase semi- 
intensive farming methods (i.e., better 
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predator control, pond cleaning, aera- 
tion, and feed techniques). 
India 

India’s cultured shrimp production 
was about 15,000 t in 1982, and 15- 
20,000 t in 1983 (precise statistics were 
unavailable from the Indian Govern- 
ment). About 30,000 ha of ponds were 
in production during 1983, and some In- 
dian observers believe that the area 
under culture can be increased by 5,000 
ha per year over the next decade. There 
are no commercial hatcheries in India 
although four experimental hatcheries 
for P. monodon and P. indicus reported- 
ly were in operation. Indian observers 
estimate that over 150 hatcheries, each 
with a capacity of 1 million postlarvae 
per year (P. indicus and P. monodon), 
will be in operation by 1994. 

Recognizing the foreign exchange 
earning potential of shrimp culture, the 
Indian Government has encouraged its 
coastal states to develop a minimum of 
500 ha of shrimp ponds each year for 
10 years (beginning in 1983). The In- 
dian Government has endorsed shrimp 
farming efforts to increase both the 
quantity and quality of the cultured 
shrimp, and the Ministry of Agriculture 
provides funds to the State Governments 
to develop the industry and improve 
farming methods. Various press reports 
refer to Government subsidies of 50 per- 
cent to develop shrimp hatcheries. The 
Department of Fisheries in the various 
states can use these funds to extend sub- 
sidies, grants, and technical assistance. 
Some states have also formed brackish- 
water fish farming development 
agencies at the district level. With the 
availability of postlarvae and with im- 
proved technology, observers expect 
about 30,000 t of cultured shrimp will 


be harvested from a total pond area of 
about 55,000 ha by 1990. 
Taiwan 

Taiwan is a world leader in shrimp 
culture research, particularly for P. 
monodon, and Taiwan’s shrimp farmers 
have concentrated most of their efforts 
on that species (Table 3). Other impor- 
tant species cultured in Taiwan are M. 
ensis and M. rosenbergii. Taiwan has 
more than 400 hatcheries, mostly small 
family-owned operations. 

In 1982, Taiwan produced over 300 
million P. monodon postlarvae in hatch- 
eries, yielding 6,700 t of marketable 
shrimp, of which Taiwan exported 2,000 
t. Hatcheries also produced 150 million 
P. ensis postlarvae and 20 million M. 
rosenbergii postlarvae, yielding 1,500 t 
of P. ensis and 900 t of M. rosenbergii. 
In 1983, Taiwan harvested 10,941 t of 
farmed shrimp from over 3,400 ha of 
shrimp ponds (3,000 brackishwater 
ponds and 400 freshwater ponds). In 
addition, Taiwan has about 15,000 ha of 
brackishwater and freshwater ponds 
used exclusively in the monoculture of 
fish and shellfish species other than 
shrimp. 

If Taiwan’s fish farmers found shrimp 
culture profitable, some of these ponds 
could be converted to shrimp polycul- 
ture. Observers estimate that such a 
development could enable Taiwan to in- 
crease shrimp production to 30,000 t per 
year by 1990. Taiwan’s Council for Agri- 
culture Planning and Development has 
recently suggested that aquaculture out- 
put could be promoted by providing 
assistance to farmers who are willing to 
convert their rice paddy fields to fish 
and shrimp culturing ponds for part of 
the year. 

Production cost is one of the keys to 


Table 3.—Taiwan’s production of cultured shrimp, 1977-83. 





Production (t) 





1980  1981' 1982 





2,533 6,713 
684 1,576 
914 

59 

589 313 


3,806 


9,575 





'No data available. 


the future of Taiwan’s shrimp culture in- 
dustry. Growers report high yields 
(using semi-intensive and intensive 
methods) producing high-valued 
shrimp, but production costs are also 
very high. Precise production costs are 
not available, but most pond farmers can 
produce P. monodon for $4.60-5.20/kg 
excluding the cost of land and the build- 
ing of ponds. It is yet unclear how Tai- 
wan will be able to compete with the 
relatively inexpensive shrimp produced 
by developing countries using extensive 
methods. Taiwan’s leading shrimp aqua- 
culture feed company has recently 
begun to market its technology in var- 
ious developing Asian countries. 


Philippines 

The Philippines is another important 
Asian shrimp culturing nation with the 
potential to greatly expand production 
by 1990. Cultured shrimp production in- 
creased from 2,700 t in 1977 to about 
4,250 t in 1983, consisting almost en- 
tirely of P monodon. In 1982, 56 hatch- 
eries were in operation, 48 privately 
owned and 8 were government owned. 
Postlarvae production in these hatch- 
eries during 1982 was reportedly about 
40 million, and in 1983 it was about 100 
million, representing 73 percent and 83 
percent, respectively, of the total post- 
larvae used in shrimp culture. At least 
another 15 million postlarvae were 
caught in the wild in 1982 and 20 
million postlarvae were caught in 1983. 

Of the approximately 200,000 ha of 
brackishwater ponds under culture in the 
Philippines, about 20,000 ha are used 
for shrimp monoculture or polyculture 
with milkfish. Most of these ponds are 
poorly designed for higher shrimp 
stocking densities because the ponds are 
too shallow and have inadequate drain- 
age. Currently less than 1,000 ha of 
ponds are suitable for higher density 
shrimp culture. 

As a result, most shrimp ponds have 
a low rate of yield. The average annual 
production in 1981 was reportedly 196 
kg/ha using mostly extensive methods. 
In 1983, three local companies manu- 
factured shrimp feed, but on a limited 
scale, for semi-intensive farming. One 
firm used technology from Taiwan; the 
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other two firms have sought foreign ex- 
pertise to improve their technology. 
The probability that shrimp culture 
will expand in the Philippines is good, 
but there are limiting factors. The coun- 
try has nearly ideal conditions—climate, 
water quality, and soil characteristics— 
for shrimp culture. The Philippines 
already has the infrastructure (roads, 
electricity, airports, and port facilities) 
to support a much larger shrimp culture 
industry, and is close to Japan, a major 
shrimp market. The Philippine Govern- 
ment, through its Bureau of Fisheries 
and Aquatic Resources, has actively en- 
couraged shrimp culture ventures 
through soft loans, training of technical 
staff, and extension services. In 1984, 
the ADB approved a $21.8 million loan 
for milkfish and shrimp culture projects 
in the Philippines. The loan will finance 
the construction of 15 hatcheries capable 
of producing 75 million postlarvae. 
Conversely, several factors limit the 
potential for shrimp culture. Although 
large areas of brackishwater ponds are 
available for shrimp culture, significant 
investments would be required to im- 
prove the ponds, making them more 
suitable for shrimp culture with higher 
yields (e.g., dredging and improving 
drainage). The estimated cost for im- 
proving brackishwater ponds is re- 
portedly about $3,600/ha based on an 
exchange rate of 14 Philippine pesos to 
the U.S. dollar). Technology is at a 
beginning level of development, par- 
ticularly in the feed industry. The most 
important limiting factor for increased 
production is the inadequate supply of 
postlarvae. Existing hatcheries are suf- 
ficient to meet current needs, but may 
be unable to do so in the future because 
they lack skilled technicians. Another 
limiting factor is the fact that many 
Philippine shrimp exporters often can- 
not meet high-quality sanitary standards 
demanded by the U.S. and Japan. 


Vietnam 


Vietnam claims that its shrimp culture 
production increased greatly in 1984, 
and that about 90,000 ha of shrimp 
ponds were in production. One observer 
estimates that the 1984 production of 
farmed shrimp was 10-20,000 t. Vietnam 
reportedly utilized 337,000 ha for fish 
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and shellfish culture in 1984. It is un- 
known, however, exactly what shrimp 
species are being farmed, although an 
observer believes that it is probably P. 
monodon. 


Bangladesh 


Information concerning shrimp cul- 
ture in Bangladesh is scarce, and the in- 
formation that does exist is often con- 
tradictory. For example, one recent 
report contends that Bangladesh pro- 
duced about 2,700 t of cultured shrimp 
in 1983, while another report stated that 
8,000 t was produced in 1983. Bangla- 
desh reportedly utilized nearly 41,000 ha 
for fish and shellfish culture in 1983, but 
it is not known how many hectares were 
devoted to shrimp farming. Bangladesh 
currently lacks shrimp hatcheries, but 
an ADB Aquaculture Development Pro- 
ject is involved in the construction of a 
shrimp hatchery and 300 ha of ponds. 


China 


Shrimp culture in China is currently 
limited. Cultured shrimp production 
was about 1,600 t in 1983, and consisted 
mostly of P. orientalis and small 
amounts of P. merguiensis and P. mono- 
don. The total area devoted to shrimp 
culture is unknown. Because China may 
wish to obtain foreign export earnings, 
the production of cultured shrimp, and 
other high-valued shellfish, will prob- 
ably increase in the future. 

In December 1984, China established 
a shrimp joint venture with New Zea- 
land, the first joint venture of any kind 
between the two countries. Chinese 
shrimp culture technicians were to visit 
New Zealand in Spring 1985 to study 
sites for shrimp farming in New Zea- 
land. A company was to be formed, 60 
percent owned by New Zealand interests 
and 40 percent by China, and begin pro- 
duction to supply both New Zealand and 
foreign markets. The joint venture 
marked the first time that China util- 
ized, on a commercial basis, its own 
shrimp farming expertise in a foreign 
country. In a related development, the 
first China-Japan joint venture fishing 
company, the Danyo Fisheries Com- 
pany’, is planning shrimp farming 
operations near Dalian and Shanghai. 


Japan 

The Japan Fisheries Agency (JFA) has 
a 5-year Fish Farming Development 
Program (1983-87) involving various 
fish and shellfish species, including 
shrimp. To enhance the wild shrimp 
catch, the JFA produces shrimp post- 
larvae and releases them into the sea to 
increase coastal stocks available to com- 
mercial fishermen; the purpose is not 
to raise shrimp to commercial size en- 
tirely in ponds or cages. The effective- 
ness of the project, however, has yet to 
be determined. The JFA budget for post- 
larvae production and release was $16.3 
million in FY 1983 and $17.4 million in 
FY 1984. 

The JFA also provides fiscal incen- 
tives to fishery cooperatives engaged in 
shrimp culture. The JFA offers low 
interest loans at 6.5 percent annual in- 
terest, payable over 20 years. The Min- 
istry of Agriculture, Forestry, and Fish- 
eries Finance Corporation offers similar 
loans. Commercial firms are not eligi- 
ble to receive either of these loans. 

The Japan Fish Farming Association 
(a semi-governmental oraganization 
funded by the JFA) is responsible for the 
shrimp postlarvae production and oper- 
ates 12 fish farming centers. The JFA 
plans to construct one additional center. 
Prefectural governments operate 37 
other fish farming centers. Various uni- 
versities and corporations are also con- 
ducting research and developing new 
shrimp culture technology. Postlarvae 
production is expected to increase to 530 
million in 1987 from the 490 million 
postlarvae in 1981. 

Japan harvested about 2,000 t of cul- 
tured shrimp in 1982 and 1983, and none 
was exported. Japanese production of 
cultured shrimp, mostly tiger shrimp, P. 
japonicus, is expected to increase by up 
to 30 percent over the 1982 production, 
reaching 2,600 t by 1990. Future cul- 
tured shrimp production is limited by 
the lack of suitable areas for ponds and 
by the country’s climate. Production 
costs for tiger shrimp are high, re- 
portedly $24-$26/kg, although the mar- 
ket price of the shrimp is also very high. 


2Mention of trade names or commercial firms does 
not imply endorsement by the National Marine 
Fisheries Service, NOAA. 





Malaysia 


Malaysia produced 157 t of cultured 
shrimp (mostly P. monodon) in 1982: 
149 t of marine species and 8 t fresh- 
water species. In 1983, farmed shrimp 
production was estimated at about 200 
t. About 1,200 ha of shrimp ponds are 
currently under culture. Four freshwater 
hatcheries have a capacity of 8 million 
postlarvae per year; 14 marine hatch- 
eries have a capacity of 134 million 
postlarvae per year. Actual postlarvae 
production is unknown. Cultured 
shrimp production in 1990 could reach 
2,000 t. The Malaysian Government 
assists the shrimp culture industry 
through the Department of Fisheries 
which provides advice and technical 
assistance. Shrimp culture firms are also 
eligible to receive tax rebates and tax 
relief which the Malaysian Government 
provides to most developing industries. 


Pakistan 


Pakistan does not currently culture 
culture shrimp. The Government, how- 
ever, is promoting the industry’s devel- 
opment. The ADB is providing $14.1 
million of the $22.1 million total cost 
for an aquaculture development project 
and the European Community is con- 
tributing an unknown amount. The pro- 
ject involves culturing other species as 
well as marine shrimp for domestic con- 


sumption. The Pakistan Government has 
targeted $0.5 million for a shrimp cul- 
ture project which is currently at the 
pilot plant stage. The project, expected 
to be completed by 1988, will be capa- 
ble of producing 60 t of shrimp. The 
Government does not provide any other 
incentives. Production of cultured 
shrimp may total about 350 t, utilizing 
380 ha of ponds by 1990. 


Sri Lanka 


Sri Lanka, which is just beginning to 
culture shrimp, has more than 600 ha 
of ponds under construction. The Gov- 
ernment estimates that production 
(mainly Macrobrachium) may total 
about 300 t by 1986. The Sri Landan 
Government is currently considering 
additional shrimp culture projects. The 
Government is actively promoting 
shrimp culture by seeking foreign in- 
vestment and expertise to supplement 
the dwindling catches of wild shrimp. 
The ADB approved a $17 million loan 
to Sri Lanka in 1983 that includes 
shrimp culture. 


Burma 


Burmese shrimp farmers currently 
culture P. monodon in about 4,000 ha 
of ponds. Estimated production in 1983 
was 500 t. Burma reportedly has many 
sites suitable for brackishwater shrimp 


farming and is also interested in devel- 
oping freshwater farming of Macro- 
brachium. Production for both fresh- 
water and saltwater species could reach 
1,500 t in 1990. 


Other Nations 


Cultured shrimp production in the 
Republic of Korea has fluctuated be- 
tween 50 and 125 t since 1977. An in- 
creased output of cultured shrimp in 
coastal brackishwater ponds depends 
upon coastal reclamation projects to 
establish pond sites. It is unlikely, how- 
ever, that this project will be undertaken 
because of the high investment costs re- 
quired and because of the Korean 
climate. 

Hong Kong’s Department of Agricul- 
ture and Fisheries has successfully 
experimented with Macrobrachium 
culture, but there is little production 
because there are no sites available in 
Hong Kong for building ponds. Unsuc- 
cessful tank culture experiments have 
also been made with P. monodon. 

Singapore’s cultured shrimp produc- 
tion was estimated at 60-90 t from 300 
ha of shrimp ponds in 1983. Because of 
Singapore’s limited size, cultured 
shrimp production is not expected to in- 
crease in the future, and annual produc- 
tion will probably be less than 100 t by 
1990. 





Ecuadorean Shrimp 
Situation Improves 


Introduction 


Ecuadorean shrimp culture has grown 
rapidly in recent years (Table 1) as a 
result of the continued construction of 
shrimp ponds, and shrimp is now 
Eduador’s leading fishery commodity. 
About 75 percent of Ecuadorean shrimp 
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is produced in ponds, making the coun- 
try the world’s leading producer of 
cultured shrimp. Shrimp exports have 
increased more than sixfold since 1975. 

Ecuador was the second leading sup- 
plier of shrimp to the U.S. market in 
1985, even though shipments declined 
about 5 percent below those of 1984, 


primarily because postlarval shrimp to 
stock the ponds were scarce or 
unavailable during much of 1985. Recent 
reports from Ecuador indicate that 
postlarvae have become plentiful off 
Ecuador and that many shrimp farmers 
can again stock their ponds. Ecuadorean 
exporters expected export shipments to 
continue low through March 1986, but 
to increase sharply thereafter. 

The Ecuadorean Government is con- 
cerned about the potential problems 
caused by the explosive growth of the 
industry and has recently issued new 
regulations establishing a seasonal 
closure on shrimp farming. Fishery of- 
ficials are also concerned about a re- 
occurence of the severe shortage of 
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Table 1.—Ecuador’s shrimp trawler catch (1) and cul- 
tured shrimp harvests (C), 1975-85'. 





Harvests 


Harvests (1,000 t) (1,090 t) 





Total? Year Total? 





44.6° 


1982 





"Sources: FAO “Yearbook of Fishery Statistics,” various 
years (1975-79 data), and the Ecuadorean Direccion 
General de Pesca (1980-90 data). 

?Totals may not agree due to rounding. 

5NA = Not available. 

“The 1983 figure is sharply higher than that reported by 
FAO (36,000 t). 

Ecuadorean officials believe that actual harvests in 1984 
may have been about 20 percent higher than the actual 
quantities reported 

®Data for 1985-90 was projected by the Direccion General 
de Pesca, 12 June 1985. 

7Most Ecuadorean observers believe that future trawler 
catches will vary from about 6,000 to 9,000 t. 


shrimp postlarvae which interrupted the 
expansion of the industry in 1985, and 
the Government has announced a sea- 
sonal closure on postlarvae collection. 


Postlarvae Shortage 


In early 1985, Ecuadorean shrimp 
farmers faced a severe shortage of the 
postlarval shrimp used to stock the 
country’s estimated 70,000 hectares of 
marine shrimp ponds. By October 1985, 
from 50 to 80 percent of those ponds 
were reportedly inactive because 
growers could not find postlarvae to 
stock them. One possible cause cited for 
the shortage of postlarvae was the ab- 
normally cool water which appeared off 
Ecuador in March 1985 and persisted 
until mid-October. The cooler-than- 
normal sea temperatures reportedly im- 
paired shrimp spawning. Artisanal 
fishermen (who collect postlarvae for 
the growers) were not only unable to 
find significant quantities of postlarvae, 
many were unable to find any post- 
larvae. Only in the northern-most prov- 
ince of Esmeraldas did the artisanal 
fishermen continue to find postlarvae. 
The resulting price increases to as high 
as $25 per 1,000 postlarvae, was a 
record for Ecuador. Even at such high 
prices, however, many growers were 
unable to obtain sufficient postlarvae to 


48 (1), 1986 


stock their ponds. Some growers 
modified their culture strategy by ad- 
justing production to a lower stocking 
density and were able to keep some 
ponds in production. 


Regulations 


The shortage of postlarvae induced 
the Ecuadorean Government to issue 
regulations which it has been preparing 
for some time. The Ecuadorean Under 
Secretary of Fisheries, Ricardo Noboa, 
announced two important regulations af- 
fecting the shrimp industry on 27 
November 1985. 


1) Shrimp fishing closures: Shrimp 
fishing was closed from 15 December 
1985 to 31 January 1986. Companies 
with hatcheries that required wild- 
caught gravid females to produce 
postlarvae received an exemption to 
continue operating one or two trawlers. 

2) Postlarvae collection closure: Col- 
lecting shrimp postlarvae and adult 
broodstock was to be closed from 1 June 
to 31 July 1986. The Under Secretary 
reserved to himself the right to extend 
the postlarval closure for an additional 
30 days if necessary. 


The new regulations were designed to 
protect the shrimp resource, a matter of 
increasing concern to Ecuadorean of- 
ficials. The scarcity of postlarvae dur- 
ing most of 1985 convinced both shrimp 
farmers and Government officials of the 
critical need to protect wild stocks. 
Some observers, however, were not con- 
vinced that the new closures would solve 
the problem. Many biologists reportedly 
believe that a more important long-term 





Note: Unless otherwise credited, material 
in this section is from either the Foreign 
Fishery Information Releases (FFIR) com- 
piled by Sunee C. Sonu, Foreign Report- 
ing Branch, Fishery Development Divi- 
sion, Southwest Region, National Marine 
Fisheries Service, NOAA, Terminal 
Island, CA 90731, or the International Fish- 
ery Releases (IFR), Language Services Bi- 
weekly (LSB) reports, or Language Ser- 
vices News Briefs (LSNB) produced by the 
Office of International Fisheries Affairs, 
National Marine Fisheries Service, 
NOAA, Washington, DC 20235. 











factor may be the gradual destruction of 
coastal mangrove estuaries which pro- 
vide the nursery habitat necessary for 
marine shrimp!. Ecuador has in recent 
years begun to increasingly develop 
coastal lands, especially for the con- 
struction of shrimp ponds. 

Constant requests of shrimp growers, 
who could not obtain postlarvae to stock 
their ponds, encouraged the Ecuadorean 
Government to adopt new import 
regulations (Decree No. JM-256-85) on 
30 May 1985 allowing hatcheries and 
farmers to import nauplii and post- 
larvae. The importation of brine shrimp 
(Artemia sp.) eggs, needed by the hatch- 
eries to feed larval shrimp, was also per- 
mitted. Some observers believe that 
brine shrimp can be produced in 
Ecuador, but the Ecuadorean hatcheries 
currently depend entirely on imported 
supplies. 


Shrimp Harvests Decline 


Ecuadorean sources report declining 
pond shrimp harvests, but not as much 
as some observers had anticipated. In 
June 1985, Government officials 
predicted a pond harvest of only 27,000 
t of shrimp, almost 20 percent less than 
the 33,300 t harvested in 1984. 
Statistical data on the actual 1985 pond 
production, however, is not yet 
available, but it appears that the produc- 
tion declines of 20-30 percent made 
earlier in the year may have to be re- 
vised. It is apparent, however, that a 
variety of factors have prevented pond 
harvests from declining as much as an- 
ticipated. The relative importance of 
these factors is impossible to assess at 
this time, but some of the factors which 
might have caused the shrimp culture 
harvest to have been better than an- 
ticipated are listed below. 


'There is some uncertainty concerning the extent 
of mangrove destruction in Ecuador. Some ob- 
servers believe that large areas have been cleared 
to build ponds. Other observers believe that the 
damage to the estuaries has been exaggerated. 
NMFS shrimp culture expert Cornelius Mock, 
who has made several trips to Ecuador, reports 
that he has not observed the large-scale destruc- 
tion of the inal mangrove ecosystem reported 
by some other observers. He reports that ponds 
built in mangroves would not be conducive to 
shrimp culture because of the acidic soils. He 
states, however, that many ponds have been built 
on the land behind the mangroves. 





1) Improved methods: Ecuadorean 
growers may be improving culture 
methods more rapidly than commonly 
believed. Growers able to obtain postlar- 
vae may be achieving better yields than 
anticipated. Some growers may have 
been over-stocking postlarvae when they 
were inexpensive. Lowering stocking 
densities may have led growers to op- 
timal stocking levels which, for exam- 
ple, could have increased survival rates. 

2) Increased pond construction: The 
continued expansion of the number and 
area of ponds has increased the total 
areas of ponds in the country. While the 
large number of inactive ponds gave the 
impression of a severe crisis, a large 
number of growers were able to con- 
tinue production. 


Estimating the extent of production 
declines is further complicated by other 
factors. Cooler-than-normal tempera- 
tures have reportedly reduced shrimp 
growth rates. In addition, various prac- 
tices adopted by growers to keep their 
ponds in production may have resulted 
in reduced yields. The new measures in- 
clude stocking at sharply lower densities 
and growing the shrimp longer than the 
120-day period that many growers 
average when producing 31-35 count 
(per pound) shrimp. Growers who opt 


Table 2.—Ecuador’s frozen shrimp exports to the United 
States by month and quantity, 1980-85". 


Exports to U.S. (t) 
1982 








Month 1980 1984 1985 





Jan. 375 1,122 1, 1,951? 1,349 
Feb. 533 1, 1,589 1,8827 
Mar. 2 1,200 : 1,619° 
Apr. 1,125 2,082” 1,803 
1,792 1,472 1,742 

2,009 1,729 1,792 

2,080 2,176 

1,711 1,324 

1,927 1,916 

1,454 
1,521 
NaA® 


Na? 


1,930 
1,601 


Total‘ 9,160 11,220 16,383 23,300 21,139 





‘These data do not include a significant (but variable) 
quantity of shrimp oe to have been smuggled out of 
Ecuador, pri Peru, to avoid Ecuadorean cur- 
rency controls. It is ‘beloved that these illegal a 
declined in 1985 with changes in Ecuadorean export 
ulations. Source: Bureau of the Census, U.S. po -sorsi 
of Commerce. 

Record exports for that month. 
SNA = Not available. 
“Totals may not agree due to rounding. 
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for the lower stocking densities and 
longer growing periods would harvest 
a smaller quantity of shrimp, but the 
shrimp harvested would be larger, more 
valuable shrimp. A few growers have 
reportedly been growing shrimp as long 
as 240 days and harvesting 15-20 count 
shrimp. The economics of such shifts in 
culture strategy would depend on the 
relative price differences between 
shrimp of various counts. 

Latest reports from Ecuador suggest 
that December 1985 and January 1986 
pond harvests should be about 20 per- 
cent below the production levels of a 
year earlier. Both growers and govern- 
ment officials agree that production 
levels should begin to increase once 
more by April 1986. 


Shrimp Exports Decline 


Ecuadorean projections of declining 
exports were premature”. Despite the 
postlarval shortage, Ecuadorean shrimp 
exports continued at high levels through 
July 1985, but since July were general- 
ly below 1983 and 1984 levels (Table 2). 
Total shrimp shipments to the United 
States for Jan.-Nov. 1985 were 18,700 
t, only 5 percent less than during the 
same period of 1984. Most observers 
now believe that exports did not decline 
as sharply as had been anticipated for 
several reasons. 


1) Inventories: Shrimp inventories 
may have allowed exporters to continue 
shipping even when production de- 
clined. Some exporters may have drawn 
down inventories, but because Ecua- 
dorean cold storage holdings are not 
published it is not possible to determine 
if this occured. 

2) Ecuadorean export policies: New 
export policies, adopted by the Ecua- 
dorean Government, caused growers to 
ship more of their product through of- 
ficial channels, thus increasing the 
amount of shrimp exports included in 
official statistics. The Ecuadorean 
Government had required exporters to 
exchange at least part of their foreign ex- 


2These reports were assessed in the news.article 
“Ecuadorean Shrimp Culture and Exports” Mar. 
Fish. Rev. 47(4):52-55. 


change earnings at the low, official ex- 
change rate. This cost the exporters 
millions of dollars annually. To avoid 
government exchange controls, many 
growers and exporters either falsified 
export documents (underreporting the 
value and/or the quantity) or smuggled 
their shrimp out of Ecuador, primarily 
through Peru. Although no precise data 
is available, such illegal shipments must 
have totaled several million dollars. One 
estimate suggests that official Ecua- 
dorean statistics for 1983 and 1984 
shrimp exports may have been as much 
as 20 percent below actual shipments. 
In September 1984, the Ecuadorean 
Government modified its regulations 
and allowed exporters to exchange their 
foreign earnings at an amount closer to 
the free market rate. Rebates (abonos 
tributarios) which the government pays 
to exporters were increased to 20 per- 
cent of the value of the shipments. In ad- 
dition, in 1985 the Ecuadorean Govern- 
ment hired a Swiss company to inspect 
shrimp exports to ensure that they were 
properly documented. As a result, 
Under Secretary Noboa claimed in 
press interviews that his Government’s 
new policies have resolved the country’s 
serious shrimp smuggling problem. 

3) Peruvian regulations: The Peruvian 
Goverment also issued new export 
regulations in 1985. While Ecuador 
raised its export subsidies. Peruvian of- 
ficials cancelled the 35 percent rebates 
(CERTEX) paid to shrimp exporters. 
The rebates had enabled Peruvian pro- 
cessors to pay a higher price for shrimp 
than Ecuadorean processors. The higher 
price and the chance to avoid Ecua- 
dorean taxes and exchange controls en- 
ticed a large number of Ecuadorean 
growers and exporters to smuggle their 
shrimp through Peru. When Peru 
eliminated its rebates while Ecuador 
raised its rebates, there was less incen- 
tive for exporters to smuggle shrimp to 
Peru. As a result of the new Peruvian 
and Ecuadorean regulations, the quan- 
tity of Ecuadorean shrimp being 
smuggled through Peru declined in 1984 
and 1985. 

4) Increased trawler catches: While 
artisanal fishermen were reporting a 
poor postlarvae catch, Ecuador’s trawler 
fleet was having an excellent season. 
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Early projections suggested that the 
1985 trawler catch could total as much 
as 9,000 t, about 25 percent more than 
the 1984 catch of 6,700 t (Table 1). The 
increased trawler catch made up some 
of the shortfall caused by the decline in 
pond production, allowing exporters to 
maintain the quantity of shipments. 


Postlarvae Situation 


Newspaper reports from Ecuador in- 
dicate that the postlarvae situation 
changed dramatically in October 1985. 
Ecuadorean fishermen were again 
taking berried females in late Septem- 
ber, the first such females harvested 
since March. The number of berried 
females continued increasing and, by 
late October, the postlarvae collectors 
were experiencing excellent results. One 
report indicated that 10 million postlar- 
vae were collected between Salinas and 
Manglaralto during a single weekend in 
late October. Reports of good avail- 
ability of postlarvae continued through- 
out November, December, and January 
1986, although other reports suggested 
that the country’s demand for postlar- 
vae was still not being fully met. As late 
as December 1985, some growers still 
reported that they were unable to obtain 
postlarvae. A more recent report, 
however, indicated that collections dur- 
ing the high tide on 9 January 1986, 
were spectacularly successful. 

With the increased supply of post- 
larvae, the price reportedly dropped to 
$8-10 per 1,000 postlarvae in early 
January 1986 and to $6-8 per 1,000 in 
late January, less than one-third of the 
price reported during the peak of the 
scarcity. Government officials believe 
that the abundance of postlarvae is due 
to the warming water temperatures and 
the newly implemented shrimp fishing 
closure, which means that more females 
are surviving to spawn. Growers report 
that the postlarvae recently collected 
have had an unusually high concen- 
tration of the preferred species, Penaeus 
vannamei, a key factor in assessing the 
postlarvae collections. One report in- 
dicated that many collectors were 
delivering catches of postlarvae up to 90 
percent P. vannamei. 

As a result, by late October and Nov- 
ember 1985, many growers were able to 
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stock some of the ponds they had taken 
out of production. The number of ponds 
returned to production, however, is 
unclear as no Official statistics are 
available. Unconfirmed Ecuadorean 
reports indicate that even as late as 
December a large number of ponds had 
still not been restocked. Many ponds re- 
maining out of production are most like- 
ly the marginal ponds which were either 
not properly designed or were built in 
poor locations and are thus not as pro- 
fitable as other ponds. 

Another group which is also reported- 
ly having difficulty resuming operations 
are some those farmers who built ponds 
during the past few years. The higher 
initial investment (needed because of 
rising land values and other factors) re- 
quired large loans at high interest 
rates>. Some of the investors have had 
difficulty meeting their loan payments. 
Both groups of pond owners reportedly 
had difficulty adjusting to the March- 
October 1985 period when postlarvae 
were scarce and expensive. Some pond 
owners went bankrupt, and many more 
had to close their farms because they 
could not meet operating expenses. 
These owners have found it difficult to 
resume operations even though the 
postlarvae are now more available and 
less expensive. The Ecuadorean Central 
Bank reported in October 1985 that the 
total indebtedness of Ecuadorean shrimp 
farmers was nearly $250 million. 


Future Exports 


Ecuador has become the second lead- 
ing supplier of shrimp to the U.S. 


3Many of Ecuador’s first ponds were built in 
coastal areas where the land was thought un- 
usuable. Much of this land was leased or pur- 
chased for incredibly small investments. Most of 
the best coastal land, except in the northern prov- 
ince of Esmeraldas, has already been ses 
Consequently, land values have increased to 
thousand dollars per hectare. Gecenndnaaie costs 
have also risen, with some growers developing hill 
land as much as 50 m above sea level. Develop- 
ment costs for the new entrants into the industry 
could reach $8,000/hectare. Some of the new farms 
have been built on marginal land and are also ex- 

periencing increased operating costs. Farmers with 
ponds on on hilly land, for example, will have higher 
pumping costs than those farmers with ponds 
closer to sea level. 


market, after Mexico (Table 3). Ship- 
ments in the past few years have in- 
creased from only 3,900 t in 1977 to 
21,100 t in 1984 (Table 3). Export earn- 
ings of $185 million in 1984 made 
fishery products (mostly shrimp) Ecua- 
dor’s second leading export earner, after 
petroleum. 

Reports from Ecuador suggest that 
shrimp exports will continue to be af- 
fected for several months by the prob- 
lems Ecuadorean growers experienced 
with postlarvae supplies. One Ecua- 
dorean Government official reports that 
exports would continue at low levels 
through March 1986. By that time, 
growers should begin to harvest the 
ponds stocked when the postlarvae 
began to become more plentiful in Oc- 
tober. Given the availability of postlar- 
vae and the large numbers of new ponds 
authorized in 1984 and 1985, many 
observers believed that by April 1986, 
Ecuadorean growers would be harvest- 
ing cultured shrimp at above 1985 levels. 

Ecuadorean exporters last reported 
record shipments in March 1985 (Table 
2). Undersecretary Noboa believed that 
by March 1986 exporters would be able 
to report a “considerable” increase in 
foreign sales because of projected pro- 
duction increases. Some observers are 
projecting exports at record levels 
toward the end of 1985. These optimistic 
projections, however, will be affected by 
any significant change in the availability 
of postlarvae. Some observers caution 
that these optimistic projections do not 


imports from selected countries 
imports from Ecuador, 1977-85". 


Imports from 
Ecuador 


Amt. Value 
(1,000 t) — (US$10°) 


Table 3.—U.S. shrimp 
(Jan.-Nov. 1985), and 











"Source: Bureau of the Census, U.S. Department of Com- 
merce. 
*Through November. 





allow for any major temperature 
anomalies or other climatic events 
which could affect the availability of 
postlarvae. 


Shrimp Hatcheries 


While postlarvae collected in the wild 
continue to be the primary source of 
postlarvae for most growers, some 
growers and other investment groups 
have been working for several years on 
the construction of hatcheries to produce 
a steady supply of postlarvae throughout 
the year. Many more such groups 
became interested in hatcheries during 
1984 when postlarvae were less abun- 
dant and prices increased sharply. The 
interest in hatcheries expanded explo- 
sively in 1985 when many growers could 
not obtain postlarvae at any price. 
Postlarvae prices rose to levels that 
made the economics of hatchery pro- 
duction look very favorable. The 
Government has been encouraging 
farmers and processing/exporting com- 
panies to build hatcheries. Incentives for 
hatchery construction include low- 
interest loans and a 5 percent increase 
in export rebates for companies which 
build hatcheries (Acuerdo Interministral 
No. 353, 1 July 1985). 

Rising postlarvae prices and the 
Government’s assistance have enticed 
many companies and individuals to 
enter the hatchery business. As a result, 
an estimated 70-80 hatchery projects are 
currently planned, or in various stages 
of completion*. The theoretical pro- 
duction capacity of these hatchery pro- 
jects is an estimated 6-7 billion postlar- 
vae per year. It is still unclear, however, 
how successful the new hatcheries will 
be at initiating the regular production of 
postlarvae in commercial quantities. 
Many observers are expecting a major 
increase in hatchery production during 


4A list of Ecuadorean shrimp hatcheries is available 
on request from Dennis M. Weidner (F/M321), 
NMEBS, NOAA, Washington, D.C. 20235. Please 
enclose a stamped, self-addressed, legal-sized 
envelope. 


Table 4.—Ecuador’s hatchery production of marine 
shrimp postiarvae, 1980-86, and projected production 
by region for 1986’. 





Production 1986 Est. 
in production 
billion in billion 
postlarvae postiarvae 
Negl. 0.1 





Total 





"Source: NMFS Office of International Fisheries. 
*Hatchery row. 

5P = Optimistic projections by hatchery managers. Actual 
production will probably be lower. 


1986, as several large new hatcheries are 
scheduled to begin production in 
mid-1986. Production could tote! as 
much as 2.4 billion postlarvae (Table 4), 
which would mean that, for the first 
time, hatcheries would supply important 
quantities of postlarvae to growers. Even 
so, 2.4 billion postlarvae is less than 20 
percent of the approximately 14 billion 
postlarvae that will be needed by 
Ecuadorean growers in 1986°. In 1986, 
more than 70 percent of the projected 
postlarvae production will come from 
only six hatcheries®*. AQUALAB, 
CRIDEC, GRANPAC, MACROBIOL, 
SEMACUA, and one hatchery whose 
owners asked that it not be identified. 
Based on the difficulties that established 
hatcheries continue to report, it will 
probably be some time before the new 
hatcheries can begin to supply substan- 
tial quantities of postlarvae. 


Estimating postlarvae demand in Ecuador is vir- 
tually impossible with any degree of precision as 


basic data (area of ponds constructed, area of 


ponds in operation, stocking densitites, survival 
rates in nursery ponds, number of crops raised, 
etc.) are not available. The 14 billion postlarvae 
estimate is based on an estimated 62,500 hectares 
of active ponds, a stocking density of 50,000 
postlarvae per hectare, a survival rate of 50 per- 
cent, and an annual average of 2.2 crops per year. 

‘Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


In 1986, the predominant source of 
hatchery postlarvae will continue to be 
gravid females captured at sea and 
spawned in captivity. The production of 
postlarvae through the full-cycle matura- 
tion process in hatcheries will be only 
a fraction of the projected 1986 produc- 
tion, although several large hatcheries 
plan to increase production through the 
maturation process. The actual numbers 
associated with the commercial-scale 
production of postlarvae in Ecuador are 
staggering. To produce even 2.4 billion 
postlarvae through maturation, Ecua- 
dorean hatcheries would theoretically 
need to handle about 96,000 females and 
50,000 males’. In actual operations, a 
large number of both female and male 
shrimp would be needed, depending on 
mortality rates. Few Ecuadorean spe- 
cialists are able to successfully achieve 
maturation in experimental runs, let 
alone in sustained, commercial-scale 
operations. The actual numbers of 
gravid females required for the less 
complex nonmaturation process is also 
staggering. Hatcheries would need a 
minimum of 60,000 berried females to 
produce 2.4 billion postlarvae®. Even if 
the Ecuadorean hatcheries are able to 
achieve this level of production using the 
nonmaturation process, it would still 
mean that the supply of postlarvae will 
continue to be seasonal and will depend 
on the natural availability of gravid 
females. Source: IFR-86/07. 


7This is assuming that each hatchery gets about 
100,000 eggs per year out of each female through 
two spawning cycles and that about 25 percent of 
the eggs survive to the postlarval stage. In reality, 
production, survival rates, and methods vary wide- 
ly from hatchery to hatchery and are treated as 
confidential data. Some hatcheries are raising their 
own broodstock, but most maturation production 
currently tends to be from wild-caught females 
which are spawned until their egg production 
declines and then discarded. These estimates 
should be taken as very rough estimates based on 
several highly conflicting reports. Some of the 
hatchery operators in Ecuador claim to have 
achieved much better results, but their claims have 
yet to be established with any published papers. 
®Assuming each female produces an average of 
80,000 viable eggs and that about 50 percent sur- 
vive to the postlarval stage. 


Marine Fisheries Review 





Publications 


New NMFS Scientific 
Reports Published 


Some publications listed below may 
be sold by the Superintendent of Docu- 
ments, U.S. Government Printing Of- 
fice, Washington, DC 20402. Copies of 
all are sold by the National Technical 
Information Service, Springfield, VA 
22151. Writing to either agency prior to 
ordering is advisable to determine avail- 
ability and price (prices may change and 
prepayment is required). 


NOAA Technical Report NMFS 32. 
Draxler, A. F. J., A. Matte, R. Wald- 
hauer, and J. E. O’Reilly. “Nutrient 
distributions for Georges Bank and 
adjacent waters in 1979,” July 1985, iii 
+ 34 p., 32 figs., 2 tables. 


ABSTRACT 


In this report we describe the temporal and 
spatial distribution of inorganic nutrients 
over Georges Bank and in adjacent waters 
and discuss major features with respect to 
the nutrient environments of phytoplankton. 
Nitrate and orthophosphorus were rapidly 


depleted from the surface layer of much of 
the study area in spring, but major differ- 
ences were found between the shallow areas 
on Georges Bank and the surrounding strati- 
fied waters. In the “well-mixed” area of 
Georges Bank, the depletion encompassed 
the entire water column and ammonium 
became the dominant form of inorganic 
nitrogen throughout. Dissolved silicon was 
depleted slowly over central Georges Bank, 
reaching a minimum concentration in Sep- 
tember while orthophosphorus gradually in- 
creased during the summer. The nutrient en- 
vironment of phytoplankton over central 
Georges Bank may be described as vertically 
uniform but temporally changing in the rela- 
tive availability of the various nutrients. In 
areas that undergo stratification (e.g., the 
central Gulf of Maine), a quasi-steady state 
was established as the surface water layer 
formed, consisting of declining nutrient gra- 
dients from below the euphotic layer to the 
top of the water column. These intergrading 
nutrient environments are relatively stable 
through time. Destratification reintroduced 
nutrients to depleted areas beginning in Oc- 
tober; however, dissolved silicon was again 
depleted over shallow Georges Bank in late 
autumn though nitrate remained abundant. 
Slope water has been found to enter the bot- 





Omega-3 and Human Health 


Considerable research has been done 
in recent years on the relationship be- 
tween various fatty acids and certain 
human diseases. Maurice E. Stansby, a 
scientific consultant with the NMFS 
Northwest and Alaska Fisheries Center 
reviews and discusses the highlights of 
much of this research in “Medical Ef- 
fects of Fish or Fish Oil in the Diet,” 
NWAFC Processed Report 85-17. This 
is an updating of the author’s longer 
1969 article on “Nutritional Properties 
of Fish Oils.” While that article dealt 
more with nutrition for animals, this 
new report discusses and updates the 
medical effects of ingestion of fish oils 
on human subjects without repeating the 
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more general topics included in the 
earlier paper. 

Stansby notes that the research in- 
dicates the beneficial effects of fish oils 
on heart disease, but that its effects on 
other types of disorders, such as inflam- 
mation diseases, etc., are still imper- 
fectly understood. Much research re- 
mains to be done, he points out, to fully 
understand how fish oils, particularly 
the long-chain omega-3 fatty acids, help 
to lower the incidence of heart disease 
and whether they do indeed have bene- 
ficial effects on other human health 
problems. Further information on this 
report is available from the author at the 
Northwest and Alaska Fisheries Center, 
7600 Sand Point Way N.E., Bin C15700, 
Seattle, WA 98115. 


tom layer of the Gulf ot Maine via the North- 
east Channel. High nutrient concentrations 
observed in the bottom water of the North- 
east Channel are consistent with this mech- 
anism being the nutrient source for the Gulf 
of Maine. 


NOAA Technical Report NMFS 33. 
Serafy, D. Keith, and F. Julian Fell. 
“Marine flora and fauna of the north- 
eastern United States. Echinoder- 
mata: Echinoidea.” September 1985, iii 
+ 27 p., 42 figs. 


ABSTRACT 


The echinoid fauna from littoral to abyssal 
depths off the northeastern United States 
(Cape Hatteras, N.C., to northern Nova 
Scotia) comprises 31 species, in 26 genera 
and 19 families. An introduction to the ex- 
ternal morphology, distribution, and natural 
history is given along with an illustrated key 
to the species, an annotated systematic list, 
and an index. The fauna includes 17 species 
with wide-ranging distributions on continen- 
tal slopes or abyssal plains. The remaining 
14 species occur in shallower waters on the 
continental shelf or upper slope. Of these, 
eight are tropical in distribution with their 
northern range extending to the northeastern 
United States and three are mainly boreal 
with the northeastern United States at the 
southern limit of their range. Two species 
occur only off the eastern United States and 
one species is cosmopolitan. 


NOAA Technical Report NMFS 34. 
Garrick, J. A. F “Additions to a re- 
vision of the shark genus Carcharhi- 
nus: Synonymy of Aprionodon and 
Hypoprion, and description of a new 
species of Carcharhinus (Carcharhi- 
nidae).” November 1985, iii + 26 p., 
14 figs., 4 tables. 


ABSTRACT 


Features of the valid nominal species of 
Aprionodon Gill (isodon Valenciennes) and 
Hypoprion Miiller and Henle (hemiodon 
Valenciennes, macloti Miiller and Henle, and 
signatus Poey), plus those of a previously 
unrecognized species here described as Car- 
charhinus leiodon n.sp., are examined and 
compared with those of Carcharhinus Blain- 
ville. Features studied include morphomet- 
rics, vertebral numbers and other vertebral 
characteristics, tooth numbers, color pattern, 
and some other aspects of external morphol- 
ogy. It is concluded that on these features 
C. leiodon n.sp. is entirely encompassed 
within the parameters of Carcharhinus, and 
that, although A. isodon, H. hemiodon, H. 
macloti, and H. signatus each extend the 
range of diversity of Carcharhinus in one or 
more features, A. isodon is not uniquely dif- 
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ferent from Carcharhinus, and there is no 
common pattern of difference between the 
three species of Hypoprion and Carcha- 
rhinus. Accordingly, and because the nature 
of the teeth of Aprionodon and Hypoprion 
has been found insufficient to warrant 
generic distinction from Carcharhinus, the 
genera Aprionodon and Hypoprion are syn- 
onymised with Carcharhinus. 

A diagnosis and description are given for 
each of the above species. The descriptions 
include measurements, counts, and line illus- 
trations that show the whole shark in lateral 


view, underside of head, nostril, and teeth. 
The geographic distribution is summarized, 
as are also the meager biological data avail- 
able on number of embryos, size at birth, 
size at sexual maturity, and maximum size. 


NOAA Technical Report NMFS 35. 
Butler, Philip A. “Synoptic review of 
the literature on the southern oyster 
drill Thais haemastoma floridana.” 
November 1985, iii + 9 p. 


ABSTRACT 


This literature search identifies a major- 
ity of the publications in the period 1880- 
1980 concerned with the marine gastropod, 
Thais haemastoma floridana (Conrad). The 
southern oyster drill is an economically im- 
portant oyster predator in the western Atlan- 
tic and Gulf of Mexico littoral. Major con- 
tributions of each paper to our knowledge 
of the drill’s biology are briefly categorized. 
Hitherto unpublished research by the author 
on the snail’s biology is documented. 





Research on and Culture 
of Freshwater Crayfish 


“Freshwater Crayfish V,” edited by 
Charles R. Goldman and published by 
the AVI Publishing Company, Inc., 
Westport, CT 06881, P.O. Box 831, pre- 
sents the papers from the Fifth Inter- 
national Symposium on Freshwater 
Crayfish held in Davis, Calif., in 1981. 
In it is initiated the annual Sture Abra- 
hamsson Memorial Lecture, this being 
Per Brink’s account of the late ecolo- 
gist’s approach to dealing with Sweden’s 
loss of Astacus astacus, including a 
review of Mr. Abrahamsson’s work and 
the development of systems for crayfish 
culture which culminated in replacing 
the plague-stricken indigenous crayfish 
stocks successfully with an exotic 
species, Pacifastacus leniusculus. 

Following that are nearly 60 reviewed 
papers divided into eight sections: 
General crayfish biology and physio- 
logy, acidification problems of crayfish, 
cation physiology of crayfish, ecology 
of crayfish, pathology and toxicology of 
crayfish, crayfish production problems, 
Soviet crayfish studies, and several 
“descriptive papers” on various re- 
search methods, Spanish crawfish farm- 
ing, rearing young P. leniusculus in 
Poland, and others. 

As with other Congresses, this one 
presents an excellent and wide range of 
research papers, both basic and applied, 
on a variety of crayfish species in many 
nations. Thus the papers range from a 
review of selected Lithuanian literature 
on crawfish studies to discussions of 
sexual dimorphism and condition index 
in A. astacus, and to the reproductive 
cycle of A. astacus, responses of craw- 
fish to acid stress, differences in the 
trapability, locomotion, and diel activity 
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patterns of A. astacus and P. lenius- 
culus, ecological studies of various 
species, effects of several pesticides and 
herbicides on P. clarkii, production 
problems in crawfish culture, and more. 
Hardbound, the 569-page volume is 
available from the publisher for $35.00. 

Also recently available is “The Cray- 
fish: Its Nature and Nurture” by Roy 
E. Groves, which was published by 
Fishing News Books Ltd., 1 Long 
Garden Walk, Farnham, Surrey, Eng- 
land GU9 7HX. This small handbook 
is written for a general audience and 
provides a good, well-illustrated review 
of general crawfish biology, culture, 
harvest methods, and cooking tips. 

The author briefly discusses some of 
the species native to Europe, but much 
is devoted to the signal crawfish, Paci- 
fasticus leniusculus. He reviews craw- 
fish biology, feeding, habitats, reproduc- 
tion, growth, and diseases in Part I. In 
Part II the author describes various 
problems and techniques in the culture 
of crawfish. In addition, the author 
discusses some of the problems of craw- 
fish culture experienced in Europe and 
describes his suggestions for culture 
methods to avoid cannibalism and pre- 
dation, including proper feeding, secur- 
ing water supplies, etc., rearing pond 
design and construction, and keeping 
proper records. Thus, the volume pre- 
sents a handy, general overview of craw- 
fish culture for those who might be 
interested in trying it. Paperbound, the 
70-page handbook is available from the 
publisher for £8.00. 


Good Safety Lessons 
for Marine Fishermen 


Safety is an important consideration 
for those who fish the sea, whether for 


science or for profit. And now a new 
“Vessel Safety Manual,” edited by John 
Sabella, has been produced by the North 
Pacific Fishing Vessel Owners’ Associa- 
tion (NPFVOA) which should go a long 
way toward improving marine fishing 
safety, and perhaps thereby helping to 
control rising insurance costs. The vol- 
ume itself is entirely new, with new il- 
lustrations, and was produced for the 
NPFVOA Vessel Safety Program in 
cooperation with the U.S. Coast Guard 
and the National Marine Fisheries Ser- 
vice, and in consultation with many 
prominent experts in marine safety 
procedures. 

Following brief introductory remarks 
on crew responsibilities and how acci- 
dents happen, the book discusses vessel 
familiarity, including an orientation with 
the fishing vessel, the fisherman’s gear, 
health, general safety measures and con- 
siderations while working on various 
vessels, emergency procedures, and 
more. Another chapter reviews seaman- 
ship and nomenclature for commercial 
fishermen, particularly with reference 
to safe use of vessel equipment. Other 
chapters discuss safety aspects of work- 
ing conditions, vessel systems, and 
vessel stability. 

Material on medical emergencies at 
sea presents up-to-date data on first aid, 
CPR, rescue breathing, control of bleed- 
ing, shock, and on-board treatment of the 
injured, as well as oxygen administra- 
tion, hypothermia, frostbite, immersion 
foot, cold water near drowning, first aid 
kits, and other problems unique to com- 
mercial fishermen. Another important 
chapter reviews fire prevention and con- 
trol aboard ship; yet another discusses 
safety equipment and survival proce- 
dures, including abandoning ship, dis- 
tress signals, PFD’s, exposure suits, etc. 
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Also included are authoritative chap- 
ters on U.S. Coast Guard procedures, 
rudiments of navigation, and a con- 
densed version of the “Rules of the 
Road.” Another is devoted to important 
aspects of watchkeeping, including tech- 
niques for assessing weather changes. 
The last chapter addresses common 
vessel safety concerns, such as avoid- 
ing other vessels, traffic services, tow- 
ing, contact with explosive ordnance, 
refrigeration systems, first aid for in- 
juries by ammonia or freon, hazards 
common to confined spaces, combus- 
tible and toxic gases and vapors, and 
more. Finally, various forms, lists, sta- 
tion bills, and sample contracts are 
appended. 

The book is in looseleaf format with 
heavy-duty paper and comes in a sturdy 
three-ring binder. Each chapter is 
tabbed for quick reference in class or at 
sea and has a form at the end for crew 
members to sign signifying that they 
have discussed aspects of it with the 
skipper and have a basic understanding 
of the material. 

The 15 chapters total more than 300 
pages and 300 illustrations and com- 
prise one of the best books devoted to 
fishing vessel safety. The manual should 
be a valued reference far beyond the 
North Pacific where it was developed, 
and it is available at $30 per copy from 
the Vessel Safety Program, Building 
C-3, Room 207, Fisherman’s Terminal, 
Seattle, WA 98119. 


Fish, Fisheries, and 
Marine Mammals 


Publication of “Marine Mammals 
and Fisheries,” edited by J. R. Bedding- 
ton, R. J. H. Beverton, and D. M. 
Lavigne, has been announced by Allen 
& Unwin, Inc., 8 Winchester Place, 
Winchester, MA 01890. The volume is 
an outgrowth of the Workshop on Mar- 
ine Mammal/Fishery Interactions which 
was convened in La Jolla, Calif., in 
1981, including revised versions of some 
of the papers presented there, as well as 
other papers written since the workshop 
in response to problems identified at it. 
The volume centers on the difficult and 
often highly controversial ecological 
problems involving the relationships 
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between certain marine mammal popu- 
lations and their food sources, especially 
those fishery resources utilized as well 
by humans. Such conflicts are often of 
long standing, often fraught with emo- 
tion, and getting facts upon which to 
base sound decisions can be both very 
demanding and difficult. 

The volume begins with an analysis 
of marine mammal and fisheries inter- 
actions and problems by Beverton and 
a review of economic aspects of marine 
mammal-fishery interactions by Colin 
Clark. Then follow 12 case studies of 
specific interactions including interac- 
tions between marine mammals and 
commercial fisheries in the Bering Sea; 
modelling marine mammal-fishery in- 
teractions in the Southern Ocean; Rus- 
sian studies of marine mammal-fishery 
interactions; marine mammals and Cali- 
fornia’s marine fisheries; fisheries and 
cape fur seals in southern Africa; harp 
seals and fisheries in the northwest At- 
lantic; British gray seals and fisheries; 
elephant seal population changes in the 
Kerguelen Archipelago; sea otters and 
shellfisheries; dolphins and the yellow- 
fin tuna purse-seine fishery; and the 
fishery-dolphin conflict of Iki Island, 
Japan. 

Problems in estimating food con- 
sumption by various marine mammals 
(individually and as a whole population) 
are addressed in the final six papers: An 
introduction to a “modified volume” 
method of assessing marine mammal 
food habits; two biases in diet deter- 
mination of northern fur seals; digestion 
and retention of Atlantic herring otoliths 
in gray seal stomachs; opportunistic 
feeding by the northern fur seal; an 
energy budget for northwest Atlantic 
harp seals; and the effects of variation 
in population parameters on the energy 
requirements of a hypothetical gray seal 
population. 

This volume, as a first effort to get a 
handle on such very difficult issues, 
should be of interest and value to a wide 
audience including fishery biologists, 
managers, and students, as well as those 
who are involved in framing public 
discussions and working toward resolu- 
tion of these conflicts. Hardbound, and 
indexed, the 354-page volume is avail- 
able from the publisher for $55.00. 


Fisheries and 
Management of 
the Penaeid Shrimps 


“Penaeid Shrimps - Their Biology 
and Management,” edited by John A. 
Gulland and Brian J. Rothchild, has 
been published by Fishing News Books, 
Ltd., 1 Long Garden Walk, Farnham, 
Surrey, England GU9 7HX. It con- 
stitutes selected papers presented at a 
workshop on the scientific basis of the 
management of penaeid shrimp which 
was held at Key West, Fla., in late 1981, 
and was cosponsored by the NMFS, 
FAO, and the Gulf States Marine Fish- 
eries Commission. 

These shrimps support many impor- 
tant fisheries, and described are the 
shrimp fisheries of Australia, China, the 
Guianas and Brazil, the Gulf region be- 
tween Iran and the Arabian Peninsula, 
India, Indonesia, Senegal, and the 
United States. Then, J. W. Penn dis- 
cusses the behavior and catchability of 
some commercially exploited penaeids 
and their relationship to stock and 
recruitment. Another section deals with 
methods of analyzing or modelling 
several shrimp fisheries; yet another 
deals with interaction between penaeid 
shrimps and other species. Other papers 
discuss environmental factors affecting 
shrimps and shrimp management. As 
the workshop considered future pros- 
pects, the volume provides a number of 
suggestions for additional research and 
rating the priorities for it and for deter- 
mining management objectives. 

The book also provides a good, com- 
prehensive account of the status of the 
important penaeid shrimp stocks, im- 
portant insights into the relationships 
between fishing effort and shrimp abun- 
dance, and it will likely be an impor- 
tant reference for those concerned with 
shrimp fisheries. Paperbound, the 308- 
page volume is available from FNB for 
£30.00. 


A Mussel Culture Guide 

and Fisheries Dynamics 
The edible blue or bay mussel, Myti- 

lus edulis, is widely found and cultured. 


Its culture is also expanding in the 
U.S. Pacific Northwest, and “Mussel 
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Aquaculture in Puget Sound” by 
Douglas Skidmore and Kenneth K. 
Chew, Technical Report WSG 85-4, is 
a good review of culture techniques used 
in many parts of the world. As well, it 
is a fine summary of a decade of re- 
gional mussel culture studies and their 
application for commercial firms. It also 
includes a comparison study of the cul- 
ture of M. edulis and M. californianus. 

Topics include seabottom culture 
methods, bouchot and intertidal culture, 
raft culture, and longline culture. Meth- 
ods of seed collection in Puget Sound 
are reviewed, as are sociopolitical as- 
pects of mussel culture (i.e., permits and 
leases), predator problems, weather and 
pollution problems, paralytic shellfish 
poisoning problems, and other con- 
siderations. In sum, the volume is a fine 
survey of mussel culture that would be 
useful well beyond the Pacific North- 
west. The 57-page paperbound report is 
available from the University of Wash- 
ington, Sea Grant Communications, 
Seattle, WA 98105 for $5.00. 

Also published by Washington Sea 
Grant Program is “Fisheries Dyna- 
mics: Harvest Management and Sam- 
pling” by Phillip R. Mundy, Terrance 
J. Quinn II, and Richard B. Deriso. The 
volume is a two-part collection of lec- 
tures at the University of Washington in 
May 1984. 

Part I is devoted to the theory and 
practice of harvest control systems for 
commercial marine fisheries manage- 
ment by Phillip R. Mundy, especially 
in regard to Alaskan salmon and North 
Carolina shrimp fisheries, while Part II 
focuses on the management of nonan- 
dromous marine fish populations, spe- 
cifically Pacific halibut. Terrance J. 
Quinn II discusses sampling techniques 
for the data collection phase of fisheries 
management, with emphasis on the 
monitoring of population abundance. 
Finally, Richard B. Deriso presents 
quantitative techniques for analysis of 
fisheries information and the detection 
of population responses in relation to 
fisheries management. 

The 60-page paperbound report, 
WSG 85-1, is available from the pub- 
lisher for $5.00, and it provides an in- 
teresting introduction to the manage- 
ment of fisheries and fisheries harvests. 
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Promoting Fisheries in 
Developing Countries 


“Fishery Development Experiences” 
by W. H. L. Allsopp has been published 
by Fishing News Books, Ltd., 1 Long 
Garden Walk, Farnham, Surrey, Eng- 
land GU9 7HX. The author, who spent 
much of his 36-year career in fisheries 
development in Third World nations for 
both the United Nations Food and Agri- 
culture Organization and for Canada’s 
International Development Research 
Centre, has provided a unique review 
and assessment of such fishery develop- 
ments and the reasons therefore. 

In sum, the author has carefully ex- 
amined a fairly wide variety of fishery 
development programs in different areas 
of the world and presents his analysis 
of the reasons for success or failure and 
the factors that limit fishery develop- 
ment in the Third World. Included are 
projects for both freshwater and marine 
fisheries, aquaculture, and distant-water 
capture fisheries, and the author pre- 
sents a number of conclusions and 
recommendations that should be useful 
to a wide variety of fisheries specialists. 

An introductory chapter provides 
historical background and a perspective 
on Third World fishery development. 
Then, each of the author’s case histories 
describes the existing fishery and out- 
lines the background and objectives of 
the development project. This is then 
fleshed out with details of the project in- 
puts, outputs, effects and impact, and 
ultimately an evaluation and assessment 
of the projects. Topics important to pro- 
ject success which are discussed also in- 
clude operational constraints, loan 
policies of development banks, bilateral 
aid in multilateral programs, project 
management guidelines, etc. The author 
also discusses why some projects either 
failed or did not achieve their full poten- 
tial, as well as why others were more 
successful. Specific topics include insti- 
tutional organization for inland fisheries 
research and development programs, 
motorization of a west African canoe 
fishery, improving the artisanal fisheries 
infrastructure in a Middle East nation, 
building and operating large tuna vessels 
and attendent shore facilities in Latin 
America, and others. The 160-page 


paperbound volume (no index) is avail- 
able from the publisher for £12.50. 


MANAGING THE 
MARINE FISHERIES 


Publication of “Bioeconomic Model- 
ling and Fisheries Management,” by 
Colin W. Clark, has been announced by 
Wiley-Interscience, a division of John 
Wiley & Sons, Inc., 605 Third Avenue, 
New York, NY 10158. Clark is a Pro- 
fessor of Mathematics at the University 
of British Columbia and also authored 
the earlier volume ‘Mathematical 
Economics,” also published by Wiley, 
which reviews resource management 
techniques based on contemporary 
mathematical and economic methods. 

In this new volume, the author uses 
simple mathematical models (as op- 
posed to the complex or holistic ones) 
and readers need to be familiar with 
calculus and simple differential equa- 
tions, as well as elementary probability 
theory. The author discusses commer- 
cial marine fisheries almost exclusive- 
ly and uses the term “‘bioeconomics”’ to 
encompass the interrelations between 
the economic forces affecting the fishing 
industry and the biological factors that 
determine the production and supply of 
fish in the sea. The models are thor- 
oughly explained and numerous illus- 
trations are included. 

Clark focuses on methods of prevent- 
ing overfishing and overcapitalization, 
economically effective and practical 
forms of fisheries regulation, manage- 
ment of developing fisheries, natural 
fluctuations in fish stocks, and the 
various complexities of marine ecosys- 
tems. He is also critical of certain tradi- 
tional fishery management approaches 
which, he says, have produced severe 
overcapacity of various fishing fleets 
around the world and thereby inhibited 
rehabilitation of depleted fish stocks and 
impinged upon the economic perfor- 
mance of the affected fishing industries. 
He outlines methods of controlling over- 
capacity and improving economic per- 
formance, especially discussing the 
advantages and limitations of quota 
allocations; he also discusses dynamic 
investment strategy, and fluctuations and 
uncertainties in fishery stocks and their 
management. 
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The author has provided a thorough 
discussion of the economics of fishery 
management, a complicated and some- 
times controversial field, and the book 
would be of interest to students as well 
as fishery managers. The hardbound 
291-page volume is indexed, has a good 
bibliography, and is available from the 
publisher for $44.95. 


Progress in Salmonid 
Reproduction Research 


The International Symposium on 
Salmonid Reproduction, sponsored by 
the University of Washington Sea Grant 
Program, Seattle, WA 98195 in late 
1983, covered five important aspects: 
Endocrinology, genetics, nutrition, en- 
vironmental factors, and husbandry. 
More specific topics included pre- 
cocious maturation, sex reversal, in- 
duced ovulation, dietary requirements 
of captive broodstock, genetic studies in 
reproduction, temperature and photo- 
period effects on maturation, and the 
normal endocrine events preceding and 
concurrent with salmonid maturation 
and spawning. 

“Salmonid Reproduction, An Inter- 
national Symposium,” edited by 
Robert N. Iwamoto and Stacia Sower, 
contains slightly over half of the pre- 
sentations and includes review papers, 
summaries of the roundtable discus- 
sions, and abstracts of other contribu- 
tions. Original and previously unpub- 
lished research papers were published 
in an issue of Aquaculture. 

The various salmonids are valuable, 
both as a wild natural resource and as 
a cultured one. The contributions in this 
review volume are valuable in outlining 
what has been learned about salmonid 
reproduction and what more we need to 
learn in identifying aspects of salmonid 
reproduction that require further study. 
And, the printed discussions are useful 
in elucidating the benefits and limita- 
tions in applying research results to the 
production of salmonids. 

In addition, the volume presents, 
from the Aquaculture Data Base, a com- 
pilation of the more recent articles on 
induced spawning and artificial fertiliza- 
tion of Oncorhynchus spp., selective 
breeding and brood stock management 
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of Salmo spp. (1977-82), and salmonid 
genetic studies. 

The symposium and contributions 
were truly international, featuring ex- 
cellent contributions from many na- 
tions. Some of the work is controversial, 
especially in its potential application, 
and the symposium served as a valuable 
exchange of information, with the pub- 
lications an equally valuable record of 
it. The 167-page paperbound volume is 
available from Washington Sea Grant 
Communications, University of Wash- 
ington, 3716 Brooklyn Ave., N.E., 
Seattle, WA 98105, for $10.00. 


Advances in 
Marine Biology 

Volume 22 of the series “Advances 
in Marine Biology,’ published by 
Academic Press, Inc., Orlando, FL 
32887, presents four articles of interest 
to marine scientists. The series is edited 
by J. H. S. Blaxter, the late Sir Frederick 
S. Russell, and Sir Maurice Yonge. 

First is an article by B. E. Brown and 
L. S. Howard of England’s University 
Newcastle upon Tyne, Department of 
Zoology, on ‘‘Assessing the Effects of 
‘Stress’ on Reef Corals.” The article is 
divided into three sections, the first 
dealing with field observations, the sec- 
ond reviewing laboratory assessment of 
pollutant effects, and the third present- 
ing a discussion of the validity of gen- 
eralizations made to date on the overall 
vulnerability of coral reefs to man-made 
disturbance, and an assessment of future 
research needs. The second article is a 
thorough review of sea anemone nutri- 
tion by M. Van-Praet of France’s 
Museum National d’Histoire Naturelle. 
Included is a discussion of chemorecep- 
tion and feeding behavior, absorption of 
dissolved organic matter, gathering and 
digestion of particulate organic matter, 
predation and digestion of prey, sym- 
biosis, and sea anemones as prey. It con- 
cludes with remarks on the diet of sea 
anemones, and is well illustrated with 
photomicrographs and drawings. 

Third, H. B. Akberali and E. R. 
Trueman of the Department of Zoology 
of England’s University of Manchester 
review the “Effects of Environmental 
Stress on Marine Bivalve Molluscs.” 


The authors discuss behavioral reponses 
to stressors, detection of stress, respira- 
tory physiology during stress, the pro- 
tective role of the shell, action of heavy 
metal stressors, etc. Finally, D. J. Crisp 
of the U.K. Natural Environment 
Research Council’s Marine Science 
Laborabories, and E. Bourget of the 
Universite Laval Biology Department in 
Quebec address “Growth in Barnacles,” 
beginning with a review of the evolution 
of barnacles and their shells, mecha- 
nisms of growth, modification of shape, 
factors influencing the growth rates, age 
and growth (the growth curve), growth 
rates of various species, growth and 
ecdysis, shell structure in relation to 
function, and cyclical factors in growth. 

The hardbound volume has taxonomic 
and subject indexes, is well illustrated, 
and the 260-page volume is available 
from the publisher for $57.00 or £52.00 
in England. The well-written reviews 
should be a useful reference for the ad- 
vanced student and scientist. 


THE PRAWNS 
OF AUSTRALIA 


“A Guide to the Australian Penaeid 
Prawns,” by D. L. Grey, W. Dall, and 
A. Baker, has been published by the 
Department of Primary Production of 
the Northern Territory, Australia. Over 
50 different species of penaeid prawns 
have been found in Australia’s waters, 
10 of which are of major economic im- 
portance, often as exports. Those 10, 
along with about 36 others, some of 
which are rare there, have been included 
in the volume. 

Basically, the book is a siraplified 
field guide to the 46 species of interest 
in the region. And, most of them are il- 
lustrated with large, excellent full-color 
photographs. A distribution map is pro- 
vided for each species, as is relevant 
data on principal taxonomic features, 
color in life, habitat, size, synonymy, 
and other comments on the species use- 
fulness or distinctive features, etc. 

In addition, the authors have provided 
a helpful key to the families of the 
Penaeoidea and to the species. Other in- 
formation and figures, along with a 
glossary, help guide nontechnical 
readers in using the key to identify 
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specimens. For those needing greater 
detail, the authors have provided a bib- 
liography of authoritative taxonomic 
publications on Australian prawns. The 
excellence of the photographs will en- 
hance the use of this handbook. Indexes 
are included by genus and species and 
by common name, and the official and 
unofficial Australian common names, as 
well as the FAO common names, are 
listed for the species. Price not listed. 


Studying and Managing 
Marine Fishery Resources 


“Exploitation of Marine Communi- 
ties,” edited by R. M. May, constitutes 
the “Report of the Dahlem Workshop 
on Exploitation of Marine Communi- 
ties” (Dahlem Konferenzen) held in 
Berlin in 1984. It has been published as 
Life Sciences Research Report 32 by 
Springer-Verlag New York, Inc., 175 
Fifth Ave., New York, NY 10010. 

The workshop’s goal was to “evaluate 
the ability of fishery science and man- 
agement to deal with changes in the 
marine ecosystems.” As such it is a fine 
review of current levels of understand- 
ing of the dynamics of multispecies 
marine ecosystems and how this applies 
to fisheries management. 

The workshop (and the volume) were 
divided into four groups, each of which 
presented an overall “group report” 
along with the individual contributions. 
The first section, “Dynamics of Single 
Species,” included presentations on why 
fish populations vary (i.e., factors af- 
fecting fish hatching, death, and general 
life history), the availability and infor- 
mation content of data, needed and ex- 
isting, which are necessary for making 
predictions about fish stocks; and the 
dynamics and evolution of marine popu- 
lations with pelagic larval dispersal. 

“Ecosystems Dynamics” presents an 
account of patterns observed in multi- 
species fisheries under exploitation, 
several approaches to modelling and 
studying multispecies systems, and a 
review of the kinds of responses to dis- 
turbance that multispecies systems may 
show. 

“Management Under Uncertainty” 
includes articles on the kinds of vari- 
ability and uncertainty affecting fish- 
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eries, managing fisheries under biolog- 
ical uncertainty, and the wider dimen- 
sions of management uncertainty in 
world fisheries, i.e. that beyond natural 
variability of fish stocks—the intellec- 
tual, political, legal, and administrative 
ones. 

Finally, “Strategies for Multispecies 
Management” includes papers discuss- 
ing objectives and constraints on man- 
agement and the techniques for multi- 
species management. Overall, the 
contributions both review the current 
state of our knowledge, as well as iden- 
tify important questions or problems 
and fertile areas for additional research. 

Thus, the volume provides an excel- 
lent and succinct look at the problems 
and opportunities in fisheries science 
and management, and it should be of in- 
terest to a wide range of scientists, 
students, and administrators. Indexed by 
subject and author, the 367-page hard- 
bound volume also contains a glossary 
of technical terms, maps of the areas 
discussed, and a list of workshop par- 
ticipants, and it is available from the 
publisher for $20.00. 


On the Energy 
Budget of Fishes 


“Fish Energetics, New Perspec- 
tives,” edited by Peter Tytler and Peter 
Calow, has been published by the John 
Hopkins University Press, 701 West 
40th Street, Suite 275, Baltimore, MD 
21211. Tytler is Lecturer in Biological 
Sciences at the University of Stirling 
and Calow is Head of the Department 
of Zoology at the University of Shef- 
field, England. 

The volume is divided into four parts: 
1) Evolutionary aspects of energy bud- 
gets, 2) food and feeding, 3) growth and 
reproduction, and 4) field and labora- 
tory studies of energy budgets. The last 
also includes a paper relating fish ener- 
getics to aquaculture. 

In the volume, the authors explore 
fish energetics both as individuals and 
collectively as fish populations, with 
particular emphasis on new theory and 
practice. Much emphasis is placed on 
food, feeding, growth and reproduction, 
and energy budgeting which have the 
most application to fish culture. 


Part one begins with a review of the 
adaptive aspects of energy allocation 
and the metabolic scope of fishes. Part 
two presents discussions of the applica- 
tion of optimal foraging theory to feed- 
ing behavior, the energetics of feeding 
and digestion, protein and amino acid 
requirements, hormonal control of 
metabolism and feeding, and laboratory 
methods in fish feeding and nutritional 
studies. Part three is devoted to chapters 
on metabolism and growth and the ener- 
getics of reproduction. The 349-page 
hardbound volumé has a systematic and 
subject index, is an interesting review 
of important aspects of fish physiology, 
and is available from the publisher for 
$32.50. 


Fishing Herring in 
the Firth of Forth 


Among fisheries publications, histor- 
ical treatises arc comparatively rare; by 
the time someone decides to chronicle 
or trace the history of a particular 
fishery many of the records of partici- 
pants are gone. Sometimes, though, 
family or business records, recollec- 
tions, or diaries can be pieced together, 
as Peter Smith has done in “The Lam- 
mas Drave and the Winter Herrin’,”’ 
subtitled “A History of the Herring 
Fishing from East Fife.” 

The author traces the rise and fall of 
the herring fishing in the Firth of 
Fourth, and the Lammas Drave, one of 
two main “‘fishings,” that took place in 
August and September. The book dif- 
fers from other histories in that it is vir- 
tually a year-by-year chronicle of the 
highlights of the fishery, through which 
can be traced its ups and downs, intro- 
duction of new gears and vessels, etc., 
from 1845 to 1954 when the fishery had 
virtually ended. Such books may be 
more useful or instructive to anthro- 
pologists and sociologists than to biol- 
ogists, but can have broader interest 
when well written, as is this one. It 
would be unfortunate if similar histor- 
ical sketches of many American fish- 
eries went unwritten. The 166-page 
paperbound volume is available from 
the publisher, John Donald Publishers 
Ltd., 138 St. Stephen Street, Edinburgh, 
Scotland EH3 SAA, for £5.95. 
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the Marine Fisheries Review 


The Marine Fisheries Review publishes 
review articles, original research reports, 
significant progress reports, technical 
notes, and news articles on fisheries sci- 
ence, engineering, and economics, com- 
mercial and recreational fisheries, marine 
mammal studies, aquaculture, and U.S. and 
foreign fisheries developments. Emphasis, 
however, is on in-depth review articles and 
practical or applied aspects of marine 
fisheries rather than pure research. 

Preferred paper length ranges from 4 to 12 
printed pages (about 19-40 manuscript 
pages), although shorter and longer papers 
are sometimes accepted. Papers are nor- 
mally printed within 4-6 months of accep- 
tance. Publication is hastened when manu- 
scripts conform to the following recom- 
mended guidelines. 


The Manuscript 


Submission of a manuscript to Marine 
Fisheries Review implies that the manu- 
script is the author’s own work, has not been 
submitted for publication elsewhere, and is 
ready for publication as submitted. Com- 
merce Department personnel should submit 
papers under a completed NOAA Form 
25-700. 

Manuscripts must be typed (double- 
spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have 1%-inch margins on all 
sides. Running heads are not used. An 
“Acknowledgments” section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 


Editorial Guidelines for 


double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, the Marine Fisheries Review fol- 
lows the “U.S. Government Printing Office 
Style Manual.” Fish names follow the 
American Fisheries Society’s Special Pub- 
lication No. 12, “A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,” fourth edition, 1980. 
The “Merriam-Webster Third New Interna- 
tional Dictionary” is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (un- 
derscored). Dates should be written as 3 
November 1976. In text, literature is cited as 
Lynn and Reid (1968) or as (Lynn and Reid, 
1968). Common abbreviations and symbols 
such as mm, m, g, ml, mg, and °C (without 
periods) may be used with numerals. Mea- 
surements are preferred in metric units; 
other equivalent units (i.e., fathoms, °F) 
may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 


Literature Cited 


Title the list of references “Literature 
Cited” and include only published works or 
those actually in press. Citations must con- 
tain the complete title of the work, inclusive 
pagination, full journal title, and the year, 
month, volume, and issue numbers of the 
publication. Unpublished reports or manu- 
scripts and personal communications must 
be footnoted. Include the title, author, pagi- 
nation of the manuscript or report, and the 
address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator. 


Citations should be double-spaced and 
listed alphabetically by the senior author’s 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1969a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its 
accuracy. 


Figures 


All figures should be clearly identified 
with the author’s name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8 x 
10 inches, sharply focused glossies of strong 
contrast. Potential cover photos are wel- 
come, but their return cannot be guaranteed. 
Magnification listed for photomicrographs 
must match the figure submitted (a scale bar 
may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that couid fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and 
appearance before submission. Mail the 
manuscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 7600 Sand Point Way 
N.E., Bin C15700, Seattle, WA 98115. 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 50 
free copies are supplied to his organization. 
Cost estimates for additional reprints can be 
supplied upon request. 
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